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1.0  SUKMAKY 

This  report  presents  tlie  estimated  performance^  stability  and  con¬ 
trol  characteristics  of  the  Ryan  Model  92  research  airplane.  The  Model 
92  is  a  vertical  and  short  field  take-off  airplane  built  to  explore  the 
full-scale  flight  characteristics  of  aircraft  utill7.ing  the  deflected 
propeller  slipstream  principle. 

The  Model  92  has  a  naxlmum  speed  limitation  of  I65  knots ;  true 
airspeed,  at  sea  level.  This  limitation  has  been  Imposed  due  to  the 
dynamic  pressure  loads  on  the  airframe.  The  data  shown  in  this  report 
indicate  that  a  maximum  speed  of  195  knots,  true  airspeed,  is  possible 
at  25,000  feet. 

Vertical  take-off  Is  made  with  forward  and  aft  flaps  deflected 
35°  (maximum  deflection)  and  at  military  power  setting.  The  model  has 
vertical  take-off  capabilities  up  to  2940  pounds  gross  weight  using 
military  power  on  an  ICAO  standard  day  at  sea  level. 

Performance  transition  characteristics  were  unknown  at  the  time 
of  this  writing;  consequently,  no  techniques  or  procedures  have  been 
analyzed. 

Short  field  take-off  characteristics  are  excellent  since  the 
thrust-to-'.^lght  ratio  at  Military  rated  power  (iCAO  S.L.  std.  day)  is 
1.57.  Operating  in  this  power  setting,  the  model  requires  only  90  feet 
ground  distance  from  brake  release  to  wheels  off.  Operating  in  normal 
rated  power,  ..the  model  requires  90  feet  and  in  50  percent  normal  rated 
power  the  model  requires  267  feet.  These  figures  are  based  on  a  gross 
weight  of  2552 
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pounds  on  an  ICAO  staiidard  day.  On  an  Aj*c.y-[/a\r>'-l(ot  Day,  (lOJ^F),  the  take¬ 


off  distance  in  increased  to  I76  feet  at  the  military  pover  setting.  The 
short  field  take-(jff  Jslcvilntlt.n.s  epsnmed,  the  forveri  fieri  deflected  10 
degrees  and  the  aft  flap  deflected  II. 6  degrees 


rco  airplane  is  statically  and  dynamically  stable  in  the  conven¬ 
tional  flight  regiiiie,  though  exhibiting  a  loosely  coupled  rril  and  side¬ 
slip  motion  in  the  lateral-directional  mode.  The  damping  of  this  short- 
period  oscillation  and  the  handling  characteristics  of  the  airplane  can 
be  improved  by  adding  end  plates  to  the  horizontal  tall  and  by  extending 
the  span  of  the  existing  vlng-tlp  end  plates. 


I 


i 


In  hi  verliig  flight  the  airplane  motions  are  characterized  by  ai; 
unstable  pitch  cscillatlon  and  an  aperiodic  divergence  in  the  lateral - 
directional  mode.  The  pitch  oscillation  can  be  stabilized  by  increasing 
the  pitch  rate  daaqplng  using  an  artificial  damping  device.  Stabilization 
the  pitch  oscillation  makes  the  pitching  motion  easy  to  control  and 
penults  controlled  fllglit  to  be  maintained  for  extended  periods  of  time. 

The  jet  exhaust  control  nozrile  provides  adequate  pitch  and  yav 
control  for  trim  in  low  speed  flight.  The  Induced  yawing  mameuts 
resulting  from  use  of  the  hovering  roll  control  in  transition  flight  can 
be  mlDjjaized  by  phasii^  this  control  out  at  low  forward  speeds  following 
vertical  take-off  (below  30-4o  knots). 
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2.0  nmODUCTIOM 

This  report  uritten  under  the  auapiceo  of  Item  Annex  of 
MIL-C-5OIIA,  Contract  Nonr  2159(00)  to  aasiat  pilot  familiarization  and 
present  eatlmated  performance,  atablllty  and  control  choracterletlca . 

The  Ryan  Model  92  1b  a  hl^-viog  monoplane  povered  by  a  single 
Lycoming  T-55  gas  turbine  engine  located  in  the  fuselage.  Ttro  three- 
bladed  counter-rotating  Hartsell  propellers  mounted  on  vlng  pylons  are 
driven  by  the  engine  through  a  system  of  geeurs  and  shafting.  Vertical 
take-off  and  landing  is  accon^illahsd  by  redirecting  the  propeller  slip¬ 
stream  downward  by  deflecting  the  two  large-chord,  slotted  wing  flaps. 

The  performance  portion  of  this  report  has  been  analyzed  in  four 
major  dlvlaiono:  (1)  Tertlcal  talce-off,  (2)  ohort  field  take-off,  (3) 
tranEition,  and  (h)  mlsBions.  Excellent  research  data  was  available  for 
the  vertical  and  short  field  take-off  regimes;  however,  the  transition 
flight  regime  investigation  was  seriously  hampered  by  a  lack  of  data  for 
specific  application  to  the  Model  92.  A  wind  tunnel  test  program,  which 
Is  in  progress  at  the  Fon-eatal  Research  Institute,  Princeton  University, 
may  provide  much  of  the  data  necessary  to  adequately  describe  the  transi¬ 
tion  flight  regime  of  the  Model  92. 

OSie  stability  arsi  control  analysis  Is  divided  Into  three  major 
sect-lons  which  embrace  the  conventional,  hovering,  and  transition  flight 
regimes.  Both  stability  and  control  characteristics  in  the  conventional 
and  hovering  fli^t  regimes  are  analyzed.,  whereas  In  the  transition  flight 
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j  regine  coo  si  deration  i»  given  only  to  the  control  required  for  trim. 

j 

i  In  conventional  flight,  aerodyne®! c  control  Is  obtained  through 

the  operation  of  an  elevator,  rudder  and  slot -lip  ailerons.  Normal  con¬ 
trol  stick  forces  are  provided  by  the  aerodynamic  hinge  mooents  of  each 
of  these  controls.  The  horizontal  MtabUlzer  Is  adjustable  in  flight 

! 

I  for  longitudinal  trim. 

For  hovering  and  low-speed  transition  flight,  pitch  and  yaw  con¬ 
trol  are  obtained  from  the  inaction  of  the  engine  exhaust  gases  ejected 
from  a  controllable  nozzle  at  the  tall  of  the  airplane.  The  exhaust 

nozzle  is  mechanically  connected  to  end  operates  in  conjunction  with  the 

I 

I  elevator  and  inidder.  Roll  control  in  hovering  flight  is  provided  by 

j  differentially  varying  the  pitch  of  the  two  propellers.  Means  are  pro- 

I  vided  for  phasing  the  hovering  roll  control  la  or  out  during  transition. 

I  All  of  the  maneuvering  controls  are  operated  by  movement  of  the  pilot '  a 

control  stick  smd  rudder  pedals. 

j  The  conventional  airplane  stability  and  control  characteristics 

were  based  on  theoretical  methods  for  estimating  aerodynamic  derivatives 
and  fron  NACA  wind  tunnel  test  data. 

Sstimation  of  the  hovering  stability  derivatives  was  based  largely 
I  upon  tests  by  NACA  of  propellers  and  models  utilizing  the  deflected  sllp- 
1  stream  principle.  Hovering  control  characteristics  were  based  on  test 

j  data  obtained  by  the  Contractor. 

! 

I 

i 

I  A  three -View  drawing  of  the  Ryan  Model  92  airplane  is  shown  in  Figure 

1  2.1'. 

i 
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3.0  MKHOP  OF  APPROACH 

!Ilic  arathod  of  appt’oach  used  la  analyxlng  the  Hodel  92  required 
(l)  (ieflaj.11^  tae  physical  cbaxauterialics  of  the  coiifigiu'atioa^  dikl  (2) 
analyzing  the  couflguratioa  to  deterralae  Ita  perfoimncei  stability  aod 
control  choracterlstlce. 


I  3.1  Configuration  ChsTocterlstlcs 

i  3.1.1  Ffayalcal  Characteristics 

Wing 


Area,  theoretical  planform,  aq.  ft. 

125.00 

Span,  ft. 

25.42 

Aspect  ratio 

4.4o 

Mean  aerodynaalc  choztl,  It. 

5.34 

Taper  ratio 

1.00 

Dihedral,  deg. 

0.00 

> 

{ 

Incidence,  root  and  tip,  with  reference  to  fuselage 

reference  line,  deg. 

22.00 

Sweepback,  quarter  chord  line,  deg. 

0.00 

Airfoil,  root,  noriBBl  to  L.E. 

RACA  44ld 

Airfoil,  tip,  normal  to  Ili.S. 

Aileron  hinge  line,  frcia,  vlng  L.2.,  percent  of 

NACA  4hl8 

wing  chord 

42.00 

\  ‘ 

Aileron  area,  one,  sq.  ft. 

2.25 

1 

1 

Aileron  choid,  normal  to  hinge  line,  ft. 

0.$42 

Aileron  span,  along  hinge  line,  ft. 

4.16 

1  ' 

Aileron  deflection  noniial  to  a^s  of  rotation,  deg. 

Up  50.00 

1 

Dwn  T-OO 

naps 

Forward  nap 

r 

Area,  planfomii,  each,  sq.  ft. 

33.95 

1 

Span,  each,  ft. 

10. 5L 

Aspect  ratio,  each 

5^23 

r 

Mean  aerodynamic  chord,  each, 

3.29 

1 

Taper  ratio,  each 

1.00 

Flap  deflection  normal  to  axis  of  rotation,  deg. 

Up  0.00 
Dwn  35.00 
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Aft  niip 

Area,  planform,  ea^,  aq.  ft. 

3pan;  each,  ft. 

A..^pect  ratio,  aacli 

Mean  aerodynamic  chord,  each,  ft. 

Taper  ratio,  each 

Flap  deflectloo  normal  to  axle  of  rotation,  deg. 


>0.75 
in.  51 
3.56 
2.98 
1.00 

Up  0.00 
Dwn  55.00 


i 

I 

I 

i 


Wing  End  Platea 

Area,  planform,  ec;oh,  sq.  ft. 

Span,  each,  ft. 

Aspect  ratio 

Mean  geometric  chord,  ft. 

Taper  ratio 

Airfoil,  root  and  tip,  normal  to  L.B. 


13.38 
5.20 
0.63 
U.17 
Oc  55 

Circular  L.E.  with 
Blab  aldea 


Horizontal  Tall 


Area,  theoretical  planform,  sq.  ft. 

Span,  ft. 

AB])ect  ratio 

Mean  aerodynimlc  chord,  ft. 

Taper  ratio 
Dihedral,  deg. 

Sveepback,  quarter  chord  line,  deg. 

Airfoil,  root  and  tip,  normal  to  L.E. 

Elevator  hinge  line,  percent  tall  chord 
Elevator  area,  total,  aft  of  hinge  line,  aq.  ft. 
Elevator  chord,  normal  to  and  aft  of  binge  line,  ft. 
Elevator  span,  ft. 

Elevator  deflection,  normal  to  axis  of  rotation,  deg. 

Incidence  angle  range  aaeaeured  with  respect  to 
propeller  shaft  axis,  deg. 

Vertical  Tail 


Area,  aq.  ft. 

Span,  ft. 

Aspect  ratio 

Mean  aerodynamic  chord,  ft. 

Taper  ratio 

Sweepback,  quarter  chord  line  relative  to  top  of 
fuselage,  deg. 

Airfoil  root  tip,  parallel  to  fuselage  top  ctxitour 
Rudder,  aft  of  hinge  line,  percent  tall  chord 


52.00 
12.75 
3.11 
4.16 
1.00 
0.00 
0.00 
NAjCA  0012 
30.00 

15.50 
1.25 

12.50 

Up  20.00 
Dwn  10.00 

0  to  4l0 


18.80 

V.48 

1.07 

4.20 

0.^ 


17.00 

NACA  0018 

31.20 
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Vertical  Tail  (Ccnt'd) 

Rudder  area,  oft  of  hin^^e  line,  aq.  ft. 

Rudder  ciiord,  normal  to  hinge  line,  ft. 

Rudder  deflection,  nortoal  tc  axis  of  rotation,  deg. 

Rudder  height,  ft. 

Tuaelage 

Length,  ft. 

Maximum  haslc  depth,  ft*  , 

Maximuiii  basic  width,  ft. 

Miscellaneous 

Maxi»um  height,  ft.  (static  ground  position) 
Maociauia  length,  ft. 

Wetted  Areag 

Wing,  sq.  ft. 

Flaps,  sq.  ft. 

Horizontal  Tsd-l,  aq.  ft. 

Vertical  Tail,  sq.  ft. 

Fuselage,  sq.  ft. 

Pylons,  gear  boxes  and  drives,  aq.  ft. 


5.00 

1.51 

Left  25.00 
Rlgiit  25.00 

5.75 


27. 

5.41 

2.56 


10.67 

21.61 


225.00 

249-00 

102.00 

37.00 

555.00 

40.00 


3.1.2  Weights 

The  estimated  weight  and  center  of  gravity  data  is  as  follows: 


c.g. 

LOCATION 

’.HEIGHT, 

LBS. 

^JBELAGS 

SlaTION, 

HI. 

WATER  LIKE, 

Weight  Empty 

1926.9 

151.6 

78.75 

Gross  Weight 

2351.9 

143.5 

77.58 
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5.1.3  poifer  Plant 

The  power  characteristics  of  the  Model  92  required  aaolyeia  fron 
the  standpoint  of  (l)  the  engine,  and  (2)  the  propellers. 

3.1. 3.1  Inglne.  The  Model  92  contain*  the  single  YT-55-L-1  described 
In  Reference  1.  The  engine  output  waa  deteiwlned  at  the  output  shaft  by 
the  follovlng  equation:  (See  Section  4.1. 2.1) 


®®(outp.t)  ■  ®®(.p.c) 


Specification  SEP  was  obtained  ftroci  Reference  1. 

The  BHP  at  each  propeller  vas  detenalned  by  the  follovlng  equation: 
(See  Section  4.1. 2.1) 

'(prop) 


BBF 


(1  -  0,0125) 


3.1. 3. 2  Propeller.  The  Model  92  has  tvo  thMe-bladed  counter-rotating 
propellerB  whose  blade -fora  curves  are  shovn  la  Figure  8,1.  These  propel 
lere  are  9  feet,  2  inches  In  diameter  and  ware  manufactured  by  Hartnell 
Propeller,  Incorporated.  The  propeUer  efficiency  and  resulting  thrust 
were  determined  by  the  method  contained  In  Reference  2. 

3.1.4  Aerodynamic  CharacterlstlCB 

The  lift  and  dreg  characteristics  of  the  Model  92  vere  calculated 
for  the  flaps -up  and  down  configurations  by  the  methods  shown  In  the 
follovlng  sections . 

5. 1.4.1  Drag  Coefficient.  The  drag  coefficient  for  the  flaps -up 
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conf iguratlon  vraa  dtteminfd  by  a  suaBiatlon  of  the  drag  coefficient*  of  the 
Individual  ccBipoaentG.  The  cociponent  drag  IncrementG  were  obtained  In  the 
following  manner: 

(a)  Wetted  arean  were  determined  for  all  the  component*. 

(b)  Equivalent  drag  area*  were  calculated  by  the  methods  of 
Reference 

(c)  Jncreiaental  drag  coefficient*  were  calculated  by  the  netbodB 
of  References  5,  and  5. 

(d)  The  drag  coefficient  for  flap*-up  and  power-off  wa»  then 
found  by  a  aunnation  of  all  the  calculated  Incrementa. 

The  drag  coefficient  Increment  for  flap  deflections  was  calculated 
by  the  methods  shown  In  Reference  4. 

5.1,4. 2  Lift  Coefficient.  The  lift  coefficient  for  the  flaps -vq? 
configuration  was  detenalned  from  the  section  characterlatlca  of  the 
KACA  44l8  (Reference  6)  and  applied  to  the  apeclfic  wing  by  standard 
aerodynaolc  practlcea. 

The  incremcutal  lift  coefficient  due  to  flap  deflection  was  cal¬ 
culated  by  the  methods  shown  in  Reference.  4. 

5.1.5  Thrust 

Thrust  required  ft-nd  thrust  available  are  defined  In  the  following 
sections. 

5.1.  5.1  Thrust  Required.  In  level  flight,  the  thrust  required  was 
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determined  from  tlie  foUcvlng  equlllbrlupi  equatiooi: 


nr 


ain 


(*\)  * 


-  W 


0 


I 


coa  /ofc»-l 
nr  I 

For  the  level  flight  regime,  the  wing  angle  of  attack  la  uaed  aa 
the  criteria  end  coaaequently  the  angle  of  thrust  la  a  minus  9  degrees. 

(The  aysibols  are  defined  in  Section  6.0). 

Solving  for  the  lift  coefficient  gives: 

®L  • 

\  V 

In  order  to  evaluate  the  thrust  required  ftrom  the  above  expression, 
in  vdiich  the  angle  of  attack  Is  a  variahle,  an  iteration  method  of  aolu- 
tlon  by  an  ISM  65O  digital  computer  vaa  utilized. 

3.1. 5.2  Bhniat  Available.  The  installed  thrust  available  and  correspoailng 
fuel  flow  rates  were  determined  in  accordance  with  the  methods  contained  in 
References  1  2, 

The  effect  of  Individual  engine  and  airframe  characteristics  on 
specification  fuel  flow  was  accounted  for  by  a  5  percent  increase  as  a 
service  tolerance  for  all  performance  calculations. 


3.2  Performance  Characteristics 

Performance  characteristics  were  analysed  by  the  foUowlng  methods 
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to  determine  maxlaum  8pe«d,  stall  speeds,  rate  of  cllnb,  service  ceillii^, 
clicb  to  altitude,  eodurwice,  and  raii^e. 

3*2.1  Flight  Envelop 

5* 2. 1.1  Maximum  Speed.  The  maxlnum  speed  In  level  flight  was  determiner 
by  the  Intersection  of  the  thrust  required  and  available  curves. 


3>2.1.2  Stall  Speed.  The  pover-on  stall  speed  for  no  flap  deflection  was 
detenniued  from  the  following  equation: 


Solving  for  stall  speed  Involves  successive  approximations,  since  C.,  a, 

and  vary  with  time  airspeed.  Values  for  stall  speed  were  assumed  and 

corresponding  values  of  were  calculated.  The  intersection  of  the 

locus  of  these  points  with  the  /c^  N  curve  is  the  stall  speed. 

V  TCAX^IM 

The  power-off  stall  speed  for  no  flap  deflection  was  determined  from 
the  fillowlr^  expression; 


Solving  for  the  power-off  stall  speed  Involves  the  saste  iterative  procedure 
as  for  pover-on  stall  speed. 


3.2.2  Rate  of  Climb 

Rates  of  climb  or  descent  were  computed  from  the  following  expression 
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Rates  of  elusb  nr.  calculated  ooly  for  the  flap,  uodeflected  configuration  . 
3*2.3  Service  Celllm; 

service  ceUlngs  for  the  Model  92  ver.  not  detensined  due  to  the  lack 

of  engine  data  above  25,000  feet  u>d  are  not  considered  Inportant  for  this 
aircraft. 


3*2.4  Cllab  to  Altitufi^ 

i-Z.k.l  Cllab  Schedule.  The  cllsd)  schedule  vaa  obtained  froa  the  rates  of 

cllab  curve,  and  aay  or  aajr  not  be  the  peaks  Of  the  curves,  ihe  ease  with 

which  a  pilot  aay  fly  a  given  cllab  schedule  dictates  the  cllab 
Within  limits. 

^  The  time  to  climb  from  one  altitude  to  another 

altitude  was  determined  from: 

t.^ 

X 

3-2-'».3  Jjel  Used  la  Cllsfc.  B«,  fuel  used  In  cllabing  froa  one  altitude 
to  another  altitude  was  determined  from: 

*'fli  ■  [<^1  ■  j^^Vi  ■  (Va}  ‘ 

H”-^-°Ptal  Distance  Pained  In  CHeb.  The  horUontal  distance 
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guir«d  in  cllflblug  fron  one  aitituie  to  another  altitude  waa  detcrained 

froL-i: 

®u.M.  •  ’’5  *  <’'c  ’'r  ''u  lo 


3.2-5  Bodurnnee 

Bad.urBnce  vas  obtained  -by  the  foUovlng  lequence: 

(a)  The  time  and  fuel  uaed  in  a  climb  vere  part  of  the  reaulta  of  the 
IBM  650  coiqpu  tat  lone. 

(b)  Subtracting  the  amount  of  fuel  used  In  climb  gave  the  fuel  re* 
mainlng  for  cruise t 

(c)  Knowing  the  power  setting  and  the  fuel  flow,  the  endurance  in 
minutes  was  calculated  for  the  cruising  fuel. 

(d)  Adding  the  time  used  In  climb  to  the  cruise  time  results  in  the 
total  endurance. 

5.2.6  Range 

Range  was  obtained  by  the  foUovlng  sequence: 

0 

(a)  The  horizontal  distance  smd  fuel  used  in  a  climb  were  part  of 
the  results  cf  the  I]^  65O  cce^utatlons . 

(b)  Subtracting  the  axaoimt  of  fuel  uaed  in  a  cJ-iab  gave  the  fuel 
remaining  for  cruise. 

(c)  Knowing  the  power  setting  and  the  fuel  flow,  the  range  in  teams 
of  nautical  miles  vas  calculated  for  the  erudLslng  fuel. 

(d)  Adding  the  distance  gained  in  climb  to  the  distance  made  in 
cruise  results  in  the  total  range. 
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5.2.7  Wing  Analt  of  Attack  la  Cllab 

The  vlng  angle  of  attack  in  a  cllab  vaa  obtaload  froa  the  saae 
group  of  calculatlona  on  the  DM  6^  digital  cooqputer  vhlch  produced  the 
rates  of  cliinb. 

5,5  Take-Off  Characterlatlcfl 

5.3.1  8T0 

Short  take-off  eharacterletlca  vere  calculated  for  flaps  deflected 
(forward  flap  10°,  aft  flap  11.6°)  by  the  following  expression; 


Hot  lay  calculations  were  based  on  ANA  standard  hot  day  data  (105°T 
at  Sea  level). 

5.5.2  VTO 

Vertical  take-off  character  1  at Ics  were  calculated"  from  the  data  of 
References  7,  8,  9,  10  and  11.  The  VTO  capabilities  are  based  on  the  experi.* 
mental  result  that  80  percent  of  the  thrust  is  turned  into  lift  after  leaving 
ground  effects. 

Hot  day  calculations  vere  baaed  on  AKA  standard  hot  day  data  which 
specifies  105°K  at  sea  level. 

5.5.5  Traneltlon  Charactc^rlstles 

The  transition  characterlstlce  of  the  Model  92  were  not  known  at  the 
tine  of  this  writing.  Consequently,  no  attempt  has  been  nsd^  to  analyze 
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this  rlLght  reglAc. 


5.4  Stability  and  Control 


Bie  stability  and  control  characteristics  of  the  Model  92  airplane  ore 
based  upon  experimental  test  data  and  theoretical  methods  of  estimation.  The 
methods  for  determining  the  otablllty  and  control  of  the  airplane  In  conven¬ 
tional  and  hovering  flight  and  a  brief  treatment  of  the  trim  problem  In 
transition  flight  are  presented  in  this  section. 


5.4,1  Conventional  Flight 

The  major  aerodynamic  aivi  physical  characteristics  used  In  the  con¬ 
ventional  flight  static  stability  and  control  analysis  are  given  in  Table  5‘1- 


5. 4. 1.1 


iltudlnol  Static  Stability  and  Control 


Olie  stick-fixed,  static  lougltudiiial  stability  level  of  the  airplane 


is  given  by 


/dC  \  .X  X  \  /dC,  \  dC  \  ,dC  \ 

(d^)  =(-^ 

^  airplane  wing  fuse.  power 


'ITie  stability  contributions  of  the  fuselage,  nacelles  and  power  were 
determined  by  the  methods  outlined,  in  References  5  and  12.  The  contribution 


of  the  horizontal  tail  laay  be  expressed  by 


(1  -  d«/dtt) 


rC  > 

V 


total 
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where  the  dovnvaah  paraoeteri  dc/do,  vu  estiaated  froU  the  charts  of 
Reference  13« 

Tbe  neutral  point  was  found  by  setting  equation  (1)  e^.ual  to  zero 

and  aolvlng  for  ^c.g»  . 

c 

Due  to  the  large  size  of  the  horizontal  tall  relative  to  the  wing, 
the  wing  lift  curv  ■«  wa»  corrected  to  include  the  tail  lift  by  the 
following  expresp 


The  static  longitudinal  etablllty  of  the  airplane  with  the  longitudinal 
controls  free  is  given  by  equations  (1)  and  (2)  with  the  tall  tern  rewritten 
as  follows: 


The  first  term  of  the  above  expression  gives  the  tail  contribution  to 
stability  with  the  elevator  free  and  the  second  term  represents  the  effect  of 
the  tail  exhaust  nozzle  which  is  nechanically  connected  to  Buad  "floats”  with 


the  elevator.  Tae  stick-free  neutral  point  was  found  in  the  same  manner  as 
for  the  stick-fixed  condition. 

The  elevator  hinge  acaaent  coefficients  were  based  on  the  two-dimen¬ 
sional  wlJid  tunnel  data  of  Reference  ll^. 
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The  section  data  wao  corrected  for  wind  tuniiei  effects  and  trailing  edge 
angle  a«  iniicateil  In  Reference  l^i^  and  finally  corrected  to  ticree- 
dimensional  flow  by  the  method  given  in  Reference  3. 


The  general  expresBlon  for  longitudinal  stick  force  i«  taJcen  from 
equation  (6-48)  of  Reference  3* 

F^  =  Ki  pv2a-K(«/8)  (4^) 

^  ^  free 

^ere 

*  '  ®e  °e  ">t 

*  =  °ha  (“o  ■  *  *^>>6  ''«o 

gradient  of  stick  force  with  nonnel  load  factor  was  obtained 


from 


fr)  ■  .  .1. 


free 


(6) 


In  order  to  dot  ermine  the  c.g.  limits  for  normal  airplane  flight  the 
follovlng  conditions  were  considered: 

A.  Limits  on  forward  c.g. 

1.  maximum  stick  force  per  g  gradient 

2.  msximum  up  elevator  deflection  in  landing  configuration 

B.  Limits  on  aft  c.g. 


1.  power  on  stick-free  neutral  point 

2.  minimum  stlcJc  force  per  g  gradient 
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The  most  forward  penulsflable  c.g.  position  for  iiiajciniuia  up  elevator 
deflection  for  the  landing  condition  was  found  from: 


C.i 


a.  c. 


^06 


max 


(7) 


^.C.  ^“fU3 


power 


+  nac  + 


a 

where  the  wing  and  tall  angles  of  attack  were  modified  due  to  the  ground  effect. 

For  the  purposes  of  this  report,  the  c.g.  posltiona  as  given  in  per  cent 
mean  aerodyxiaBlc  chord  are  projected  nonnaJL  to  the  thrust  axis  which  ic  the  basic 
airplane  reference. 

5.4.1. 2  Static  Directional  Stability  and  Control.  The  static  directional 
stability  level  of  the  airplane  is  glvett  by  the  following  expression  from 
Reference  5  : 


nac. 


(a) 


Tlifi  contributions  of  the  fuselage,  nacelles,  propellers  and  interference  effects 
were  obtained  by  the  methods  of  Reference  3-  The  vertical  tall  size  was  deter¬ 
mined  which  provides  the  airplane  directional  stability  level  given  by  the 
following  expression: 

(O  -  .oooZ-iQa  (9) 

^  ^ ^desirable  ^  b 

•The  directional  static  stability  of  the  airplane  with  the  rudder  free  is  given  by 
equation  (8)  with  the  tail  term  rewritten  as  follows: 
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cwnciiui 


The  first  term  of  the  above  exprceeion  represents  the  vertical  tall 
contribution  with  the  rudder  free  and  the  second  term  the  contribution 
of  the  exhaust  noz2J.e  which  "floats"  with  the  rudder. 


The  rudder  hinge  mcaaent  coefficients  were  determined  from  the  hinge 
moment  parameters  given  in  Reference  I5.  'Hie  pedal  forces  were  then  colcu 
lated  from  the .following  expression: 


PF  -  G^ti  3 


r 


e  -  % 

r 


(n) 


J.h.l.J  Lateral  Control 

The  rolling  moment  and  yawing  m<»nent  coefficients  due  to  slot-lip 
aileron  deflection  were  interpolated  from  the  data  of  Flgm'es  15  and  16  of 
Reference  16  for  a.  .42  aileron  location  for  zero  flap  deflection. 


The  hinge  moment  coefficients  due  to  a  slot -lip  aileron  deflection 
were  interpolated  from  the  data  of  Flguires  I5  and  1?  of  Reference  1?  for  a 

.42  c  “  aileron  location  and  aileron  hinge  location  of  .25  c  . 

w  & 


The  lateral  stick  forces  were  calculated  from  the  following  e^ipreeslon: 

.0 


1  v^s.S 

2  a  a 


■  °h  ‘^»>L 


(12) 


The  aileron-stick  gearing  ratios  for  the  right  and  left  aileron  were  determixied 
by  assuming  a  variation  of  aileron  deflection  with  stick  position.. 


CONFIDENTIAL 


3.15 


CONFIDENTIAL 


RPORT  HO.  9220-2 


The  rolliag  velocity  parameter,  pV2v>  calculated  for  a  maxlitum 

lateral  control  stick  force  of  30  pouaii  by  aettlng  equation  (12)  equal  to  30 
pounds  and  determining  the  eillowable  aileron  deflection  and  aileron  hinge 
mooient  for  various  speeds.  IRie  rolling  moaent  coefficients  correBponding  to 
these  allowable  deflectlona  were  then  used  to  calculate  the  resulting  valuee 
of  pb/. 


2V. 


’vhere  C.> 


^  = 
2V 


% 


(13) 


jg-  ;  the  damping  in  roll  parameter,  was  obtained  by  method  1 


of  Reference  18. 


5*^*1-^  Dynamic  Stability.  The  dynamic  stability  of  the  Model  92  In  the 
conventional  airplane  flight  regime  was  investigated  for  zero  flap  deflection. 
The  three-degree-of -freedom  Invest igations  of  the  longitudinal  and  lateral 
stability  were  conducted  by  solution  of  the  equations  of  motion  on  an  IBM  650 
digital  computer  and  an  analog  computer.  These  results  were  subsequently 
supplemented  by  a  five -degree -of -freedom  normal  flight  simulation  by  using 
two  PACE  analog  cooqiuters  and  a  cockpit  equipped  with  control  stick  and  rudder 
pedals  and  a  CRT  oscilloscope  display  of  pitch,  roll  and  yaw  motions. 


The  e^atioae  of  motion  used  to  determine  the  ctuuracterlstic  longitudinal 
three -degree -of -freedom  solution  are  given  as  follows: 


u  4  gg  cos  7^  -  X^^u  -  X^w  -  0  (14) 
W  -  V  q  4  g  0  sin  7^  -  2^u  -  2^w  -  Z^w  -  Z^q  =  0  (I3) 
q  «  M^u  -  M^w  -  M^w  -  M^.q  =  0  (16) 
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These  equations  represent  the  ionijitudliial  aotlona  of  the  airplane  about 
a  Byntcni  of  otobllity  fixes  for  snialL  perturbations.  Tlio  stability  axes 
synteri  is  ahovni  in  Figure  7*1‘ 

The  dimensional  stability  derivative  paramaters  In  the  equations 
of  motion  ore  derived  in  Reference  19«  "Hie  non-dimensional  static  stability 
derivatives  were  developed  from  the  static  stability  analyais  in  Section 
3. 4. 1.1  and  the  non-dimensional  damping  derivatives  were  calculated  using  the 
expressions  given  in  Reference  19- 

The  equations  of  motion  used  to  determine  the  characteristic  lateral- 
directional  three-degree-of-freedcBi  solution  are  given  as  follows: 


• 

3  r 

-  JL 
V 

9  cos  7^  -  T 

ca 

P 

0 

I 

XD 

II 

0 

(17) 

•  • 

P  -  r 

-  Lp  3  -  Lp  P  - 

r  =  0 

(18) 

«  • 

- 

r  -  p 

xz 

-  ^  -  Np  p  - 

r  =  0 

(19) 

Tliese  equations  represent  the  lateral -directional  motions  of  the  airplane 
about  a  system  of  stability  axes  for  small  perturbations. 


Tile  dihedral  effect  of  the  airplane  was  assumed  to  consist  of 
contributions  of  the  wing  position  on  the  fuselage,  the  wing-tip  end  plates 
and  the  vertical  toil.  In  equation  form, 


*  KL 

plates 
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Tlio  Increitents  due  to  the  wing  vere  determined  froc  Reference  5  and  the 
eai  plate  effect  vaa  estlaated  froia  the  vlnd  tunnel  data  of  HeferenccB  20 
and  21.  The  tall  tera  Is  the  cldeforce  on  the  vertical  tall  times  the 
distance  from  the  tail  center  of  preoBure  to  the  X  axle. 


The  Bideforce  derlvatlre  la  broken  down  as  follows: 


+  c 


fuse 


'W 

props 


(21) 


end 
plates 


The  propeller  and  vertical  tail  contrlbutloaB  were  determined  from  the 
static  directional  stability  derivatives  developed  in  Section  3. 4. 1.2.  The 
fuselage  contribution  vac  obtained  from  Table  10  of  Reference  l^  anl  the  end 
plate  effect  was  estimated  from  the  data  of  Reference  20. 

The  cross  or  rotary  derivatives  are  given  by: 


'n. 


V 


(sX 

(22) 

(23) 

The  wing  derivatives  were  estimated  from  Figures  10  and  13  of  Reference  22 
and  the  tail  terms  were  calculated  from  equations  (21)  and  (30)  of  the  same 
reference. 


Bie  damping  derivatives  are  given  by: 

"nr  =  CO.  " 


(24) 


(25) 
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The  wia«  daMplng  in  yav  vr*  ostlaated  fron  figure  15  of  Reference  25  and 
the  vine  dainplna  in  roll  vm  ectisiated  from  Methcxl  1  of  Bc-ferervee  18. 

The  vertical  tall  contributione  to  yuw  and  roU  daaping  were  calculated 
from  equatiouB  (29a)  and  (2L)  of  Reference  22. 

A  conventional  flight  sUnulution  wae  oet  up  on  antaog  computers  to 
facilitate  studying  the  effects  of  changes  In  aircraft  gecoetry  on  the 
stability  and  control  characteristics  of  the  airplane  and  to  Investigate  the 
effectiveness  of  the  various  contredB.  The  stabUlty  derivatives  used  were 
for  the  controls -fixed  condition* 

The  degreee  of  freedom  ueed  In  the  etudy  were  reduced  to  five  ty 
eisumug  no  chonge  In  forvert  velocity  from  a  Elveu  trim  speed,  thus  elUsl- 
natlng  the  equation  representing  notion  slong  the  fUght  path.  Bie  equations 
of  motion  used  In  the  5  degree  of  freedon  study  for  a  system  of  stability 
axes  are  given  as  follows; 

V  =  pw  -  rV  +  g'i  Bin  7^  +  gep  cos  7^  +  5^  (2(5) 

w  =  qV  -  pv  +  g  COB  7^  +  Z^a  +  6^  (2?) 

;  .  *  pq)  qr .  y  *  i;,  t  l;,  5,  *  y  *  v 


(r^-  P^)  *  “a®  “^e  ^e  ■*  "a*  “q'* 


I 


;  =  (p  -  ,r)  jsi  -  (V^)  *  V  *  "^r  “r  *  "“a  ^  ’  V  *  V  '5'» 
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i  The  aerodynamic  derlvatlvee  uoed  In  'both  the  3  degree  and  5  degree 

I  of  freedoB  otuilea  are  presented  in  Table  3*2. 

13.4.2  Hovering  Control 

3.4. 2.1  Pitch  and  Yav  Control.  Control  in  pitch  and  yav  Is  obtained  by 
directing  the  engine  exhaust  gases  through  a  svlvcllng  nczsle  at  tiie  tall  of 
the  airplane.  T5ie  thrust  forces  expected  frexa  the  nczzllng  actiem  were 
I  determined  froo  tests  of  a  I/3  scale  inodel  of  the  nozzle  conducted  by  the 

I  Contractor. 

1 

I  The  magnitude  of  the  maxiama  uozsle  thrust  is  such  as  to  provide  a 

i 

(I  minimum  suigular  acceleration  of  the  airplane  about  the  pitch  axis  of  approx- 

^  p  /  2 

I  imately  one  rad/sec  and  a  minimum  of  0.6  rad/aec  about  the  yaw  axis. 

I  The  nozzle  is  controlled  by  moving  the  pilot '  s  rudder  pedals  for 

yaw  control  the  control  stick  longitudinally  for  pitch  control. 

The  forces  available  for  pitch  and  yaw  control  were  obtained  frean  the 
following  expressions; 

6 

T  =  ^ 

pitch  6 

I  ^ 

and 

i  5 

T  _  ^ 

yaw  6^ 

where  6  is  the  absolute  nozzle  deflection  from  the  neutrEil  position, 
n 

I 

i  3.4.2. 2  Roll  Control.  Hovering  roll  control  is  obtained  by  differentially 

\  "  - 

i  varying  the  blade  pitch  of  the  two  propellers  by  moving  the  control  stick 

■3 

I  laterally. 


\  (51) 

T  ‘  (52) 

n 


\ 
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The  roiling  aomanta  and  yaviiig  uomente  due  to  differential  pitch 
v/ere  G8titt?.ted.  frcci  test  data  of  Reference  7  hy  the  following  pirocedurej 

1.  Ihe  measured  roiling  and  yavrlng  moaenta  vero  plotted  veroua 
propeller  r.p.n.  for  hlade  {ingles  of  6.9  and  C.9  degrees. 

(Runs  28  and  29)*  The  roiling  and  yawing  uoaente  at  2000  r.p.m. 
were  then  selected  as  being  representative  of  actual  operating 
conditions. 

2.  As  the  propeller  torque  reaction  opposed  the  acrodymunlc  rolling 
moment  of  the  Model  88,  an  estimated  torque  was  calculated  from 

«  '  .  (») 

The  torque  was  algebraically  subtracted  frcaa  the  measured  rolling 
luoment  to  obtain  the  net  rolling  moineat 
5.  The  estimated  hovering  control  rolling  moment  jjer  degree  of 
differential  pitch  and  the  associated  yawing  moment,  about 
a:ce3  parallel  and  iwrpendlculax  respectively  to  the  thrust  a.xis 
were  calculated  from; 


and 


dL 

d(/^) 


r  ( 

lA  a3  ; 


Model  88 


(5^) 


)  X— i^x2  (55) 

d(d>p)  'Wei  ^  (y)gQ 

d  Q 

where  -  is  the  torque  reaction  due  to  blade  pitch  change  and 

d  (Aj3) 

which  is  favorable  in  the  case  of  the  Model  92  with  counter-rotating 
propellers. 
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The  oaount  of  dlfferentita  pitch  required  for  roll  control  was  such 

2 

as  to  provide  a  nlnlaua  angular  acceleration  of  one  rad/cec  about  an  axis 
ptarallel  to  the  thruat  axis. 


3.J4-.5  Hovering  Stability 

It  iB  beyond  the  scope  of  this  report  to  present  the  analytical 
methods  used  for  estimating  the  hovering  stability  derivatives.  In  general, 
the  derivatives  were  based  upon  estimated  effects  of  the  propeller  alip- 
etream  (Reference  7  and  MCA  literature)  due  to  small  motions  of  the  airplane 
ar.d  upon  the  direct  forces  and  moments  cn  the  propellers  themselves. 

Inasmuch  as  the  test  data  of  Reference  T  was  obtained  in  ground 
effect  and  the  NACA  propeller  data  was  obtained  out  of  ground  effect,  no 
attempt  was  made  to  define  the  hovering  stability  analysis  as  applying 
strictly  either  in  or  out  of  grouivi  effect, 

Dtirlng  the  course  of  the  hovering  simulation  a  time  constant  of  .25 
seconds  was  used  to  simulate  the  time  lag  in  the  propeller  hydraulic  pitch- 
change  mechanism. 

The  simiila-cor  'Consisted  of  two  PACE  analog  computers  and  the  cockpit 
de  scribed  in  Sectto'i  3*'L  1.4.  In  addition  to  the  pitch,  roll,  and  yaw  display, 
side  velocity,  forward  velocity  and  altitude  were  presented  to  the  pilot  on 
Instruments  in  the  cockpit.  Propeller  thrust  was  controlled  by  simulating 
the  collective  pitch -control  lever  of  the  airplane. 

/ 

5.I4..5.I  Basic  Equations.  A  system  of  body  axes,  an  shoi-m  in  Figure  7 >2,  was 
used  for  the  hovering  flight  analysis.  The  values  of  the  aerodynamic  and 
control  derivatives  are  tabulated  in  Table  3«3» 
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The  equatioae  of  motion  repreEeiitlna  six  degrees  of  freedOK  about 


the  body  axes  syatem  are  given  as  foUotfs; 


u  =  VT  -  wq  -  «  coo  e^e  +  X^u  +  X^w  +  +  X^T 


V  «  uq  -  vp  ♦  '/.yU  +  Z^W  +  *  Z^T 


q  = 


/I  I  x  /  2  2.  . 

rP  (  ^  '  £.1-  I  +Mu  +  Mw+Mi0+  MeL  „  5^  + 

1  *  I  xz  u  V  0  ^n  po 


MjT  (58) 


V  =  wp  -  ur  +  g  cos  ©  (p  +  g  sin  f  Y^T  ♦  Y5^  6^ 


^  (r  ♦  p..)  -  V  +  V  *  *  ‘*y„  ‘’^n 


{p  -  4r)  -  ’  V  *  V  *  V  * 

^  z 


5.I4..5.2  Assumption  and  Limitations.  The  naoumptlons  and  limitations  used  in 
the  hovering  stability  and  control  analysis  are  Usted  as  follovre; 

1.  The  X  axis  vas  ajssumed  peurallel  to  the  thrust  axis  and  to 
act  through  the  center  of  gravity • 

2.  The  aerodynamic  derivatives  were  assumed  to  oe  linear  and 
to  hold  for  small  motions  about  a  trimmed  condition. 

5.  The  aerodynamic  derivatives  were  not  assumed  to  hold  for 
steady-state  translational  velocities  other  than  zero. 

4.  The  effect  of  free  stream  velocity  was  assumed  to  be  small 


and  was  neglected. 


5.  The  engine  angular  momentum  is  small  and  eiagine  gyroscopic 


forces  were  neglected. 
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3.!;. 4  Tranaltlou  Flight 

3. 4. 4.1  Longltudijaal  Trim  In  Lov»8pegd  night.  In  order  to  obtain 
repreBcntatlve  data  on  the  trim  problem  In  traacltioa,  ubc  wub  loade  of 
model  test  data  reported  in  Reference  10.  Although  these  test  results 
are  not  directly  appliable  to  the  Model  92  due  to  differences  in  geaoetryi 
c.g,  location,  nuaber  of  propellers,  etc.,  the  data  ere  representative  of 
a  flapped  ving-propellar  combination  and  obk  used  herein  to  Indicate 
general  magnitudes  of  the  trim  forces  required. 


The  method  of  Reference  11  wae  ueed  in  apiilylng  the  data  of 
Reference  10,  to  obtain  relatlonsblps  between  propeller  thmst,  airspeed, 
and  lift  at  zero  longitudinal  force  for  a  wing  loading  of  20  Ibs/ft  . 

The  pitching  mcoent  coefficients  corresponding  to  the  available  lift 

4 

coefficients  were  then  used  to  calculate  the  required  trim  forces.  The 
nozzle  thrust  required  was  calculated  from 


”q"  85  -  Ci^  3^  \ 


(42) 


For  the  hovering  case,  the  untrimned  pitching  uaaent  was  obtained  frcaa 
Figure  8  of  Reference  24. 

3.4,4. 2  Directional  Trim  in  Low^peed  Flight.  Due  to  the  lack  of 
lateral -directional  aerodynamic  data  of  deflected  slipstreoM  aircraft  In 
low  speed  flight,  the  directional  trim  problem  was  considered  to  arise 
solely  from  yawing  moments  induced  by  use  of  the  hovering  roll  control. 
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The  thrust  required,  obtained  by  toe  methcd  of  Section 
„a=  converted  to  propeller  thruot  coefficient  fore,  In  order  to  find  the 
propeUer  blade  nnglee  required  for  the  epeed  ranee  inveetigated.  The 
blade  angle  «vl  the  rate  of  change  of  tluniat  eoefflelent  ulth  blade 
angle  change  were  found  from  the  curves  of  Reference  25- 


The  nozile  thrust  required  to  trta  the  yawing  moments  due  to 
the  differential  propeUer  thrust  was  calculated  from 


T 

n 


r-  2  ^4 
2y  pii  D 


Cl  Sb  6 


1 


(i*5) 


5.4.5  of  Inertia 

The  airplane  moments  of  inwtla  were  obtained  free,  the  detailed 
weight  and  halanee  statements.  The  manents  of  Inertia  used  In  the 
conventional  flight  djeumdc  stabiUty  analysis  were  based  upon  a  gross 
weight  of  2508  pounds  ami  are  shown  In  Figure  5-1  as  a  function  of  angle 

of  attack. 

The  moments  of  inertia  used  in  toe  hovering  stability  analysis 
were  bused  upon  a  revised  gross  weight  of  2552  pounds  end  the  body  acces 
values  are  given  in  Table  5.5* 
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Verticnl  Tail: 

AK  (effective) 
per  fleg. 

^ha 

Chg  P«r  deg. 

Cn=  per  lieg. 

°r 

T 

T1 

t  ‘ft. 

V 

G  rad/ft- 

Control  Nozzle: 

t  ft. 
n 

dT^/d8^  Ite/deg. 
dT^/d5^  Itis/deg. 
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TABLE  5-1  (Coat'd) 


6^  =  (0/0) 


1.66 

.012 


-  .00322 

-  ,011k 

v\ 

-  .00*1275 


•  lo 
1.0 
11.8 


1.18 


i6.o 

12.0 

7.0 
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TABLE 

CONVBITIORAL  FLIGIIT  STABILITY  AXES 
AERODYNAMIC  DERIVATIVES 


q^tmntitrr 

Dlnenoioii 

Case  I 

Case  11 

Case  III 

Case  IV 

Case  V 

''t 

ft /sec 

115 

150 

200 

250 

300 

a 

degrees 

12 

6 

2.2 

0.6 

-  0.3 

I 

X 

BlUg-ft.^ 

1292 

1368 

1425 

1445 

1475 

I 

alxig-ft.^ 

1824 

1824 

1824 

1624 

1024 

y 

h 

2 

slug-ft. 

2LO5 

2330 

2275 

2255 

2223 

I 

slug-ft.^ 

509 

415 

472 

485 

511 

xz 

•=1 

dimeRslonleBS 

1.2 

.70 

.38 

.25 

.18 

per  rad. 

-  .615 

-  .815 

-  .815 

-  .815 

-  .815 

per  rad. 

.06 

.06 

.06 

.06 

.06 

per  rad. 

.03 

.07 

.0926 

.103 

.108 

Cur 

per  rad. 

-  .218 

-  .189 

-  .176 

-  .175  . 

-  .173 

per  rad. 

-  .0722 

-  .0912 

-  .1007 

-  .1047 

-  .1072 

per  rad. 

-  .360 

-  .397 

-  .411 

-  .417 

-  .420 

per  rad. 

.353 

.2685 

.2185 

.195 

.1825 

^La 

per  rad. 

1.92 

4.92 

4.92 

4.92 

4.92 

^Li 

per  rad. 

.855 

.655 

.855 

.855 

•855 

Cr 

L(j 

per  rad- 

5.7 

5.7 

5.7 

5.7 

5.? 

’'o 

red . 

0 

0 

0 

0 

0 

per  rad. 

.9^ 

.  55 

.298 

.  196 

.  141 
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liuantlty 

Dlsieuolon 

Case  I 

Case  II 

:a8e  III 

Capc  jy 

Case  V 

^ysj. 

per  rad. 

.14U 

.Ikk 

.144 

.V)k 

.144 

^4- 

'^r 

per  rai. 

.0372 

.0446 

■  049  . . 

.051 

i 

.032 

c,-. 

per  rad. 

.031 

.045 

.038 

.033 

.0533 

Uj. 

per  rad. 

-.0728 

-  .0728 

-  .0728 

-  .0726 

-  .0728 

°“8a 

per  rad. 

.0065 

.0085 

.0098 

.010 

.0105 

per  rad. 

.583 

.585 

.585 

.383 

.583 

^Eia 

per  rad . 

-  .561 

-  .361 

-  .561 

-  .361 

-  .581 

^1114 

per  rad. 

-1.97 

-1.97 

-1.97 

-1.97 

-1.97 

per  rad. 

-13.1 

-13.1 

-13»1 

-13.1 

-15.1 

per  rad. 

-1.5^ 

-1.54 

-1.34 

-1.34 

-1.54 

,  P 

BlugB  per 

.002378 

. CO2378 

. 00237S 

.002378 

.002578 

m 

sluge 

71-5 

71*5 

9 

71-5 

71.5 

71-5 

. 
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Detenaiiiing  the  performance  characterietlce  of  the  Model  $2 
retjAired  (1)  detcnainiu^  the  phyBlcal  characterietlco  of  the  aeveral 
configurations,  (2)  calculating  and  analyzing  the  performance  characteristics, 
and  (5)  defining  the  mission. 


l-.l  physiol  CharacterlatlCB 

The  M  del  92  is  a  high  wing,  single  engine,  twin  propeller,  two  place, 
vertical  rising  or  short  take-off  airplane.  The  physical  characteristics  of 
weight,  power  plant,  aerodynamic  characteristics  and  thrust  are  discussed  in 

the  following  sections. 


4.1.1  Weights 

The  last  wel^t  statement  available  for  the  Model  92  shows  the  follow* 
ing  information: 


Crross  Weight  2551*9 


c.g. 

LOCATION 

FU^AGE 

WEIGHT 

STATION 

WATER  Lllffi 

1926*9 

151.6 

T8*75 

2551.9 

1^5*5 

77.56 

Foi'e  aft  accelerations  are  limited  to  -  2.4  g’s,  due  to  engine  m^unt 
structi.'ialli.iil  tat  Ions,  and  vertical  accelerations  are  limited  to  +5  5  -1*5 
g's  because  of  airframe  structural  llmitationB. 
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U.1.2  Power  Plant  Characteristics 

The  power  plant  characteristic*  of  the  Model  92  had  to  be  analyzed 
froK  the  standpoint  of  (l)  the  engine  and  (2)  the  propellers. 

4. 1.2.1  Engine .  The  alrfrazne  contains  a  single  Lycaalng  YT-55-h-l  tiurboprop 
engine  described  in  Rei'erence  1.  The  engine  specification  data  were  corrected 
for  iTiEtallatlon  losses  by  the  methods  of  the  above  reference  and  the  resulting 
SEP  was  considered  to  be  awtlng  on  the  drive  shaft  esaanatlng  froo  the  engine. 
The  power  train  la  shown  In  Tlgure  4.1.  The  HPM's  are  maxlnnitt  allowable. 

FIGURE  4.1 

SCHEMATIC  DIAfSlAN  OF  THE  FOUIR  TRAHSMISSIOtl  SYSTQt 
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A  6  percent  lose  in  SB?  due  to  the  exhaust  notile  restrlcticm  and 
3  percent  loss  In  SB?  due  to- the  inlet  duct  configuration  have  been  estiiaatad. 
3oth  of  the  above  losses  vere  based  on  static  conditions;  however;  the  avail¬ 
able  InTormatlon  indicates  that  these  percentages  will  not  change  significantly 
with  forward  speeds. 

The  losses  from  the  engine  output  shaft  to  tha  propeller  shaft  sure  due 
to  tbfi  gear  boxes  an-*  universal  Joints  between  the  engine  and  propeller.  These 
eatlaiated  loaees  are  relatively  anally  being  only  l/s  of  1  percent  for  each 
gear  box  and  l/2  of  1  percent  for  the  four  universal  Joints. 

Tbe  specification  fuel  flows  have  been  adjusted  for  the  Installation 
losses  and  a  ^  percent  servlee  tolerance  factor  included  in  the  ccaqiutatlons 

a 

to  account  for  engine  and  airfraae  devlatlaii  trem  the  blueprint  installation. 

4. 1.2.1  Propeller.  Ibe  oethod  by  which  the  propeller  data  vere  analyzed  gives 
good  agreement  with  the  value  calculated  by  the  propeller  manufacturer,  l.e., 
i843  pounds  of  thrust  per  propeller  at  1700  RPM  for  static  conditions.  Since 
propeller  efficiency  must  be  calculated  far  each  specific  ease,  a  curve  of 
prc^ller  efficiency. has  not  been  presented  in  this  report. 

4.1.3  Aeirodynamle  Characteristics 

Lift  and  drag  coefficient  calculations  vere  based  on  a  ving  plan- form 
area  of  22^  square  feet  for  nomsQ.  flight  and  take-off  calculations.  The  vlng 
plan-fom  area  becoaiea  a  variable  when  the  flaps  are  extended; 
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however,  all  the  lift  arji  drag  coefficients  have  been  based  on  the  plan-fora 
area  of  125  square  feet.  Figure  8.2  (in  Section  8.0)  presents  the  power-off 
lift  versus  drag  coefficients  for  the  operatiug  range  of  flaps;  however,  the 
maximum  flap  deflections  permitted  at  this  time  ore  55  defjyees  forward  flap 
fl-nd  35  degrees  aft  flap  deflections  due  to  structural,  air  loads,  and  lift- 
drag  considerations.  Figure  8.3  presents  the  lift  coefficient  versus  .Tnglc 
of  attack  for  power-off  and  flqp  deflectlcms . 

4.1.h  Thrust 

The  Lycoming  YT-53-L-1  engine  specifications  ore  shown  In  Reference  1 
and  give  the  manuf-’cturers  engine  perfonsance  curves  of  SHP  and  fuel  flow. 

All  fuel  flows  have  been  increased  by  5  percent  when  used  in  the  perforaiance 
ciilculotions  to  account  for  manufacturing  tolerances. 

Thrust  Required.  Thrust  requifed  was  determined  frem  the  drag 
characteristics  of  the  configuration  being  investigated.  Figures  8.4  through 

o 

8.9  present  the  thrust  required  at  various  altitudes  and  airspeeds  for  three 
weights . 

^•l-^*2  Thrust  Available.  Thrust  available  was  determined  by  subtracting  the 
installation  losses  (including  gear  boxes,  tailpipe  area  reduction,  and  inci¬ 
dental  losses)  frctE  the  engine  specification  shaft  horsepower  and  transforming 
the  remaining  horsepower  into  net  thi*ust  of  the  engine -propeller  combination. 
The  installed  thrust  curves  are  superimposed  on  the  thrust  required  curves 
of  figures  8.4  through  8.9.  MRT  and  1‘IRT  refer  to  the  net  thrust  obtained- from 
the  engine -propeller  ccmblnatlon  for  Military  Rated  Power  and  Normal  Rated 
Power  settings,  respectively.  Ibrust  available  on  an  AHA  standard  hot  day  Is 
presented  for  two  power  Bettings  in  Figure  8.10.  Fuel  flows  for  the  various 
power  settings  are  presented  in  Figures  8.11  tlnough  8.15. 

4.4 
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•\ .  2  Perforcuuicc 

The  reaultfl  of  the  calculationn  for  BaxtBum  speed,  atall  speed,  rate 
cf  c.linib,  ncrvlce  coilin.j,  climb  to  altitude,  endurance,  rant;o  and  vlng  anf,le 
of  attack  in  cllrcb  arc  dlccuBHed  in  the  following  sections. 

H.2.1  Fllr^^t  Envelope 

4.2.1.!  Haximum  Speed.  Maximum  speed  was  determined  hy  the  intersection  of 
the  thrust  required  -  thrust  available  curves  of  Figures  8.4  through  8.9* 

The  results  of  these  intersections  are  shown  plotted  in  Floure  8.l6  and 
indicate  that  a  speed  of  195  knots,  true  airspeed,  occurs  at  25,000  feet 
altitude.  This  may  or  may  not  be  the  majclmum  speed  since  engine  data  is 
available  only  up  to  25,000  feet.  The  limit  speed  fran  a  structural  stand¬ 
point  is  185  knots  true  airspeed  sea  level;  consequently,  operation  at  full 
throttle  will  be  restricted  to  that  setting  which  will  not  exceed  the  165 
knots  limit  speed.  Vel^t  appears  to  have  little  effect  on  moximuia  speed  up 
to  the  25,000  feet  altitude  for  a  given  power  setting. 

Figure  8.16  also  presents  the  maximum  airspeeds  for  NRT,  SK)  percent  1®T, 
75  percent  HRT  and  50  percent  I®T,  In  addition  to  the  MRT  curve.  Three  climb 
schedules  also  appear  on  Figure  8.I6,  and  it  will  be  noted  that  there  is  very 
little  difference  in  speed  between  the  climb  schedules  for  the  several  power 
settings.  In  the  ultimate  analysis,  one  cliaib  schedule  appears  to  be  feasible 
for  all  the  power  settings  with  very  little  sacrifice  in  climb  performance. 

Figure  8.17  presents  the  limit  speed  at  all  the  various  flap  deflections 
and  shows  the  maximuia  speed  from  the  structural  limitations  criteria  with  the 

4-5 


CONFIDENTIAL 


CMmOTUl 


i 

I 

& 

* 


! 


flapa  undeflected  (I85  knots  true  etrapeed). 

~-2.1.2  Stall  Speeds.  ?ower-on  atoll  speeds  for  vartoue  weights,  altituties, 
power  settings,  and  r,ap3  undcflected  Oi'c*  shown  in  Figure  8.I8  througji  0.22. 
These  data  show  that  a  minimum  stall  speed  of  55.5  knots  occutb  at  sea  level 
and  2,000  pounda  gross  weight,  'niia  airspeed  increases  with  either  an  increase 
in  weic;ht  and/or  altitude.  The  data  presented  above  are  for  the  no  flap 
deflection  configuration  and  MRT.  Power-off  stall  speeds  are  presented  in 
Figure  8,23  for  flaps  undeflected  and  three  welpjita.  Again,  the  mlninnm 
stall  speed  (56  knots  true  airspeed  at  a  gross  weight  of  2,000  pounds )occurs 
at  sea  level. 

4.2.2  Rate  of  Climb 

Pate  of  climb  was  determined  by  the  difference  In  tlirust  available  and 
required  as  seen  In  Pl,«^e8  8.4  throu^  8.9.  The  results  of  these  calculations 
for  rate  of  climb  are  presented  In  Figures  8.24  through  8.53  for  5  power 
settings  (MRT,  ]®T,  90  percent  KRT,  75  percent  MRT,  and.  50  percent  IIRT)  and 
weights  of  2,000,  2,200,  and  2,400  pounds.  An  Inspection  of  these  ctiryes 
reveals  that  a  climb  achediile  which  Is  constant  for  all  weights  is  possible 
with  little  if  any  deleterious  effects  on  rate  of  climb .  Consequently,  an 

e 

average  climb  schedule  is  the  recewaanded  schedule  in  the  Interest  of  simple 
pilot  operating  techniques. 


'  • 


4.2.3  Service  Ceiling 

Service  ceilings  were  not  determined  for  the  Model  92  due  to  a  lack  of 
engine  data  sbove  25,000  feet. 
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CiJj:*  to  Altitude 

I,  Time  to  Climb.  Ttine  to  climb  to  altitude  woe  baaed  on  the  cJlab 

ochcdulcs  of  Flcure  6.I6,  and  the  reaiats  of  the  calculations  are  presented 
In  Fi^-ures  8.54  througli  6.58.  Since  5  Power  settings  are  under  consideration, 
the  time  to  climb  curves  are  presented  as  a  function  of  the  power  varameter. 

)i._2.i|.2  Fuel  Used  in  Climb.  Fuel  used  in  climbing  from  one  altitude  to 
aiiother  was  baaed  on  the  climb  schedules  of  Figure  8,16,  and  the  results  of 
the  calculations  are  presented  in  Figures  8.54^  throui;;!!  8.^  and  again  in 
Figures  8.59  throu^  B.65,  5  power  settings  were  used,  and  the  results  ore 

shown  plotted  for  each  of  the  power  settings. 

4. 2. 4. 5  norizontal  Distance  Gained  In  Climb.  The  "on  course"  distance  gained 

in  climb  was  based  on  the  cllato  schedules  of  Figure  8.16  and  the  results  of 
the  calculations  are  presented  in  Figures  8.59  throu^^i  8.65.  5  powar  settings 

were  used,  and  the  results  are  shown  plotted  for  each  of  the  power  settings. 

4.2.5  Endurance 

Endurance,  as  presented  in  Figures  8.64  through  8.68,  was  baaed  on  the 
amount  of  fuel  required  to  climb  in  a  Military  power  setting,  and  then  on  the 
rate  of  fuel  consumption  at  each  of  the  5  power  settings  under  consideration 
until  the  basic  fuel  load  of  30  gallons  was  expended.  The  cruise  endurance 
was  based  on  cruising  at  the  airspeeds  of  Figure  8.I6  for  each  power  setting 
and  altitude. 


4 


CONFIDENTIAL 


CMnOENTMl 


HgQKT  IIP.  9?£0-E 


4.2.6  Range 

The  range  was  also  based  on  cllicblng  at  a  rdlitary  power  setting 
and  then  cruising  out  at  each  of  the  five  power  settings  until  the  fuel 
was  expended.  Figures  8.69  through  6.75  present  the  range  based  on  the 
speeds  shown  in  Figure  8.I6  for  each  of  the  power  settings. 

B 

4.2.7  Wing  Angle  of  Attack  In  Climb 
The  wing  euigle  of  attack  in  a  climb  was  also  obtained  from  the  rate 

of  climb  calculations  performed  by  the  IBM  650  digital  computer.  The 
actual  angles  as  presented  In  Figures  8.7^  through  8.78  were  those  obtained 
at  the  climb  schedule  airspeeds  of  Figure  S.16  for  specific  power  settings. 
To  obtain  fuselage  angle  of  incidence,  subtract  22  degrees  fron.'.  the  wing 
angle  of  attack. 

4 . 3  Take-Off  Characteristics 

The  analysis  of  the  take-off  characteristics  required  analysis  of 
three  basic  flight  regimes:  (a)  short  take-off;  (b)  vertical  take-off; 

(c)  transition  characteristics, 

4.5.1  Short  Take-Off 

The  STO  calculations  for  an  ICAO  standard  day  indicate  that  it  would 
require  90  feet  groiind  distance  from  brake  release  to  wheels  off  in  the 
Military  Power  setting.  The  flaps  were  considered  to  be  deflected  30.9 
percent  of  their  total  deflection  (forward  flap  down  10°  and  the  aft  down 
11.6°)  which  gives  a  of  2.57  and  C_  of  0.640  at  a  wing  angle  of  attaclc 

X4  D 

of  20°. 
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The  hot  day  STO  calcvilatlona  were  based  on  a  sea  level  temi^irature 
of  105°  F  as  shown  In  AHA  Bulletin  1*21.  The  configuration  was  the  aasie  as 
for  the  standard  day,  and  the  resulto  of  these  calculationo  indicate  that  it 
would  require  I'jS  feet  fren  brsJee  release  to  wheels  off  on  a  hot  day. 

Figure  8.79  presents  short  take-off  distances  for  the  several  power 
settings  ( ICAO  standard  day) . 

4.5.2  Vertical  Take-Off 

Vertical  take-off  Is  possible  by  virtue  of  the  fact  that  8o  percent 

of  the  thrust  is  converted  to  lift  by  deflecting  the  sllpatresm  downward  as 

0 

shovn  In  the  experimental  data  of  Reference  7*  Figure  8.80  presents  the 
results  of  the  VTO  calculations  for  thrust  to  weight  ratios  of  1.0,  1.05 
and  1.10  at  power  settings  of  Military,  Normal  and  90  percent  Normal  on  an 
ICAO  standard  day.  The  forward  and  aft  flaps  were  assumed  to  be  deflected 
55  degrees  for  these  calculations .  The  results  of  this  figure  show  that 
it  would  be  possible  to  rise  off  the  ground  at  a  gross  weight  of  approximately 
2940  pounds.  Since  the  Model  92  weighs  only  2350  pounds,  with  one  person 
aboard,  there  remains  ample  thrust  for  vertical  take-off  and  acceleration 
upvnrds . 

Data  in.  Reference  7  show  that  when  the  airplane  is  operating  within 
ground  effects  it  is  possible  to  convert  95  percent  of  the  propeller  thrust 
into  lift-  After  leaving  ground  effects  the  same  reference  shows  that  only 
80  percent  of  the  propeller  thrust  is  converted  to  lift;  consequently,  the 
latter  number  was  uaod  in  all  VTO  calculations. 
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.citlctil  Lttky-c'fi  on  a  hot  day  would  be  lowered  in  ternia  of  weight 
lifted  due  to  a  reduction  in  thi-ust.  On  a  hot  day  of  103°  ?  the  thrust  la 
reduced  from  a  Military  settlas'  36C6  pounds  to  a  Mllitery  setting  of 
23S0  pounds  or  a  reduction  of  29-9  percent  in  thrust  due  to  the  tenpereture 
increase.  This  reduction  in  thrust  allows  only  2060  pounds  to  be  lifted 
vertically  which  leaves  a  deficiency  of  approximately  290  pounds  excess 
weight . 


The  .^Igures  upon  which  the  VTO  calculations  were  based  are  slightly 
conservative^  consequently,  the  airplane  should  be  able  to  better  the 
estimated  performance  by  aowe  small  margin. 


^.5*5  Transition  Characteristics 

The  transition  characteristics  of  the  Model  92  were  not  known  at  the 
time  of  this  writing.  Consequently,  no  attempt  has  been  made  to  analyse 
this  flight  regime. 

Missions 


4.4.1  Test  Mission 

1.  Allow  2  minutes  for  start,  warm-up  and  checks. 

Power  Setting  =  50  percent  Normal  Rated  Thrust 
Fuel  Flow  =  586  Iba/hr 

Fuel  Used  =  12.9  14)8 

2,  /JLlow  30  seconds  for  STO  and  clean-up. 

Power  Setting  =  Military  Rated  Thrust 
Fuel  Flow  =  615  Ibs/hr 

Fuel  Used  =  5.I  lbs 
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J.  Climb  to  teat  altitude  of  5;000  feet. 

j 

I  Power  Betting  =  Military'  Ra^ed  Thrust 

I  Fuel  Flow  =  580  Ibe/lir 

f 

! 

Fuel  Used  =  9-0  Iba 

Time  =  0.9  minutes 

4.  Hover  at  5, OCX)  feet  until  10  percent  of  the  fuel 
remains  (20  lbs.). 

Power  Setting  -  Approximately  95  percent  Normal  Rated  Thrust 
lat  start  of  howerlng,  reducing  to  approxi¬ 
mately  90  percent  Normal  Rated  Thrust  as 
fuel  is  burned  out. 

■  Fuel  Flow  =  4-97  Ibs/hr  (average) 

Fuel  Used  l48  lbs 

Time  =  17.9  minutes 

5.  Assume  no  fuel  used  in  letdown  and  fuel  expendecl  after 
taxi  bach  to  parking  area. 

6.  Summary 

Initial  Fuel  =  195  1^3 

t 

1 

I  Fuel  Used  to 

End  of  Hovering  =  175  His 

Time  elapsed  to 

End  of  Hovering  »  21.5  minutes 

i' 

I  4.4.2  Ferry  Mission 

|-  1.  Allow  2  minutes  for  starts  varm-up  and  checks 

Power  Setting  =  50  percent  Normal  Rated  Thrust 
I  Fuel  Flow  ^  586  Ibs/hr 
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Fuel  Used  =  12.9  lb* 

Dlatance  »  0  nautical  alles 

2.  Allow  30  aeconda  for  VTO  and  transition. 

Power  Setting  -  Military  Rated  Thrust 
Fuel  Flow  =  615  Ibfl/hr 
Fuel  Used  =  5*1  lbs 
Distance  »  0  nautical  Biles 

3.  CllBb  to  cruising  altitude  of  25,000  feet. 

Power  Setting  *:  Military  Rated  Thrust 
Fuel  Flow  =  Ibs/br  (average) 


Fuel  Used  »  lbs 
Time  tz  6  minutes 

Distance  =8.5  nautical  miles 

U.  Cruise  at  25,000  feet  until  10  percent  of  total  fuel 
remains  (20  Iba). 

Power  Setting  =  50  percent  Normal  Rated  Thrust 
Fuel  Flow  =  171  Ibs/hr 

Fuel  Used  *=  LI3  lbs , 

Time  »  39-6  minutes 

Distance  =  88. nautical  ml  lea 

5.  Assume  no  dlatance  gained  or  fuel  used  in  letdown  and 
fuel  exi>ended  after  tsocl  baclj  to  parking  aoi'ea. 
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6 .  Suinaary 

Initial  Fuel  =  195  lbs 

Fuel  Used  to 

End  of  Crxiise  =  175  lbs 

Time  Elapsed  to 

End  of  Cruise  =  48.1  minutes 

Distance  to  End 

of  Cruise  »  96.9  nautical  miles 
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^ . 5  Stability  and  Control 
The  eatlEiated  stability  and  control  characterlatics  of  the  Ryan  Model 
92  airplane  for  the  convent! r'r'’’  ,  hovering,  and  transition  flight  regimes 
are  discussed  in  this  section. 

4.5.1  Conventional  Flight 

The  conventional  flight  characterlstlca  were  analyzed  for  zero  flap 
deflection  and  for  the  front  flap  deflected  10®  and  rear  flap  11.6®  which 
represents  a  landing  configuration.  The  speed  range  of  the  conventional 
flight  regime  is  from  approximately  50  knots  to  the  maximum  design  speed  of 
the  eilrplane.  The  major  aerodynamic  and  physical  characteristics  used  in 
the  static  Btabillty  and.  control  analysis  were  presented  In  Table  3.I  and  5.2. 

4.5*1*1  Static  Longitudinal  Stability  and  Control 

The  estimated  static  longitudinal  stability  contributions  of  the  fuse¬ 
lage  and  nacelles,  wing,  power  effects,  and  horizontal  tail  are  shown  in 
Figure  8.81.  The  curve  representing  the  total  of  the  contributions  has  a 
stable  slope  of  dC^dCj^  =  -  ,11  with  the  c.g.  at  .515  c. 

The  elevator  angles  required  for  trim  and  the  tail  incidence  angles 
required  for  trim  with  zero  elevator  deflection  are  shown  in  Figures  8.82 
and  8.85,  respectively.  Larger  trim  deflection  ranges  are  required  with 
power-off  than  with  power-on  because  of  the  destabilizing  effects  of  power. 

As  shown  in  Figure  8.83  the  condition  with  flaps  deflected  and  with  power-off 
requires  the  largest  change  of  tall  incidence  angle  {8.5°)  for  trim  over  the 
range  of  lift  coefficients. 
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The  longitudinal  stability  with  the  controls  free  la  shown  In 
Flgwe  8.34  as  a  function  of  airspeed.  Seeing  the  elevator  reduces  the 
stability  margin  from  .11  to  .O52.  The  destebllltlns  affect  of  the  free 
nozzle  increases  with  decreasing  airspeed  and  results  in  neutral  stability 
at  a  speed  of  approxliaately  68  knots.  With  power-off,  the  airplane  is 
stable  stick-free  over  the  entire  conventional  flight  speed  range. 

Figure  8.85  shows  the  variation  of  longitudinal  control  stick  force 
with  airspeed.  The  stick  force  variation  is  stable  and  the  forces  can  be 
trimmed  to  zero  with  less  than  2  degrees  change  of  stabilizer  incidence 
angle.  The  control  nozzle  effect  waa  neglected  in  the  stick  force  calculations. 


The  various  c.g.  limits  are  shown  in  Figure  8.86.  The  most  forward 
permlssable  c.g.  position  imposed  by  the  landing  condition  with  full  up- 
elevator  deflection  is  at  .4?  3.  The  most  aft  c.g.  position  la  determined  by 
the  minimum  allowable  gradient  of  stick  force  with  normal  load  factor  which 
was  set  at  6  lbs.  per  g.  This  criterion  places  the  most  aft  c.g.  position 
at  .55  c  and  results  in  a  lueable  c.g.  range  of  .12  c.  Also  shown  in  Figure 
8.86,  the  c.g.  position  determined  from  weight  and  balance  estimates  is 
Veil  within  the  established  limits. 


Static  Directional  Stability  and  Control. 

The  static  directional  rudder-fixed  stability  of  the  airplane,  (c^) 
is  estimated  to  be  .0011  per  degree.  With  the  rudder  free,  the.  stability  Is 
reduced  to  .OOO7.  Figure  8.87  shows  the  effect  of  the  free  control  nozzle, 
reducing  the  stability  to  zero  at  a  speed  of  63  knots.  The  effect  of  the 
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nozzle  reeulte  In  neutrel  dlrectlaniLl  and  neutral  longitudinal  atablllty 
at  approximately  the  aane  speed  (see  Figure  8.8^0, 


The  rudder  is  capable  of  producing  one  degree  of  sideslip  per  degree 
of  ruLlder  deflection.  The  gradient  of  rudder  pedal  force  vlth  sideslip  angle, 
presented  In  Figure  8.88,  shows  that  a  nidder  pedal  force  of  72  pounds  is 
required  to  hold  a  sideslip  angle  of  10  degrees  at  I85  knots. 

^.5' 1*3  Lateral  Control 

Rolling  mcsnent  and  yawing  moment  coefficients  due  to  deflection  of 
the  right-wing  slot-] ip  aileron  are  plotted  in  Figure  8,89  for  various 
values  of  wing  angle  of  attack.  The  yawing  noBient  coefficients  are  favorable 
except  for  intermediate  aileron  deflections  at  20  degrees  angle  of  attack. 

These  data,  taken  Tram  Reference  I6  were  Obtained  from  a  right  hand  semi-span 
wing  modelsind  are  for  an  unflapped  wing.  Testa  of  a  slot-lip  allerou 
operating  in  the  slot  ahead  of  a  trailing  edge  slotted  flap,  reported  In 
Reference  26,  show  that  the  aileron  effectiveness  increases  with  increasing 
flap  deflection.  This  increased  effectiveness  should  prove  to  be  beneficial  in 
the  tran6:tloa  flight  region  where  the  hovering  roll  control  means  is  not  utilized. 

The  hinge  mcoont  coefficients  due  to  deflection  of  a  single  slot-lip 
aileron  are  shown  in  Figure  8.90  for  wing  angles  of  attack  of  0  and  15  degrees* 
These  data  are  for  an  aileron  with  Its  hinge  axis  at  .25e  . 

A 

Ihe  ailerons  of  the  Ryan  Model  92  airplane,  though  similar  to  spoilers 
In  operation,  are  differentially  geared  together  to  Insure  positive  aileron 
control  and  to  eliminate  unbalanced  stick  forces  at  the  neutral  stick  position. 
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The  asBumeu  control  stick-aileron  llnkiv^e  I'clationship  presented  In  I>*lgurc 
6.91  vtie  used  for  stick  .force  calculatl on.5 . 

Lateral  control  stick  force  versus  control  stick  cUaplaceiacnt  is 
shown  in  FI sure  8.92  for  two  airspeeds.  The  non-linearities  result  from  the 
ncn-llnoar  hinge  nioment  variations  in  Figure  8. 90. 

The  estimated  rolling  performance  for  a  maximum  control  stick  force 
of  50  pounds  Is  presented  in  Figure  8.93.  Full  control  deflection  can  he 
maintained  to  a  speed  of  II5  knots  at  which  point  the  value  of  pb/2V  is  .075. 
The  non-linear  variations  in  pb/2V  and  the  roll  rate  at  the  lower  speeds  is 
due  to  the  variation  of  the  rolling  mment  coefficient  with  angle  of  attack. 
(Figure  8.89). 

^.5-l-*i  Dyrtamic  Stability 

Tlie  results  of  the  solution  of  the  three  longitudinal  equations  of 
motion  are  suiiunarized  in  the  following  table. 


TABLE  k.l 

LONGITUDINAL  DJfHAMIC  STABILITY  CHARACTERISTICS 

V  *  150  Knots 


Roots 

P 

^1/2 

0);  CpS 

-.0652 

10.60 

-  .166 

4.18 

1.23 

.167 

.815 

The  short  period  oscillation  Is  well  damped  requiring  only  .152  cycles 
to  damp  to  half  amplitude.  The  normal  phugoid  mode  is  replaced  by  the  two 
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negative  reel  rcote  Indicating  tvo  ccnvercences .  Thi^  is  possibly  due  to 
the  effective  drag  of  the  propeller  thruet  vhich  varies  inversely  vlth  speed. 
High  drags  are  known  to  damp  the  phugold  mode. 

The  lateral-directional  characteristics  of  the  airplane,  as  determined 
by  the  3  degi'ee  of  freedom  analog  computer  analyflls,  are  shown  In  Figure  8.94 
in  terms  of  the  damping  criteria  of  Reference  27-  high-speed  case  is 

satisfactorily  damped  but  the  low  speed  case  la  marginal.  The  effect  of  speed 
on  the  period  and  damping  of  the  short  period  oscillation  is  shown  in  Figin-e 
8.95.  The  average  period  Is  about  5*5  seconds  corresponding  to  a  natural 
frequency  of  ,286  cycles  per  second.  The  time  required  to  damp  to  half 
amplitude  increases  rapidly  with  decreasing  airspeed,  resulting  in  the  rela- 
tl^vely  poorer  damping  characteristics  at  low  speeds.- 

Although  the  ratio  of  to  is  large,  the  values  of  the  ratio  of 
roll  to  sideslip,  <p/p,  are  in  the  normal  range.  As  shown  in  Figure  8.96, 
cp/p  increases  linearly  with  Increasing  airspeed. 

A  five  degree  of  freedom  analysis  was  conducted  to  Investigate  possible 
cross-coupling  of  the  lateral-directional  motions  with  longitudinal  motions 
and  to  facilitate  stvulylng  the  changes  In  aerodynainic  derivatives  required 
to  improve  the  latersd-directlonal  dSiJiplng  characteristics.  Typical  analog 
time  histories  are  shown  In  Figures  8.97  8.98  of  the  response  of  the 

airplane  to  a  sideslip  disturbance. 

A  sideslip  disturbance  introduces  a  small  disturbance  in  pitch  throu^ 
the  inertia  coupling  terms.  Since  the  longitudinal  motions  are  well  damped, 
however,  primary  ea^jhasis  during  the  simulation  was  placed  upon  studying  the 
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lateral-dlr«<rtl07ial  characteristics,  particularly  at  th^*  lowr  spaeda. 

The  principal  factors  believed  to  adversely  affect  the  stability  and 
handling  charBCtcrlstlcs  were  a  large  product  of  Inertia,  resulting  from  a 
do’-nv^ard  inclination  of  the  principal  axle,  and  rolling  mcinents  due  to  the 

vertical  tall. 

Reductions  in  wing  Incidence  angle  to  reduce  the  product  of  inertia 
and  moderate  IncreaBes  in  the  static  directional  stability,  vhxle  impi'oving 
the  damping  charoct eristics,  did  not,  frem  the  viewpoint  of  pilot  ctoservation, 
appreciably  improve  the  handling  characteristics  of  the  airplane. 

The  major  results  of  the  5  degree  of  ftreedem  slvaulatlon  are  shown  in 
Figure  8,99.  The  effects  of *  lower-surface  end  plates  on  the  horieontal  tall 
and  of  arbitrary  reductions  in  the  airplane's  dihedral  effect  are  shown.  The 
end  plates  were  9.0  ft?  each  in  area  and  increased  the  static  directional 
stability  of  the  . airplane  by  a  factor  of  approxtaately  4.0.  However,  due  to 
the  height  of  the  tall  above  the  longltudlnsil  axis,  the  end  plates  also  served 
to  increase  the  airplane's  dihedral  effect. 

For  the  low  speed  case  of  68  knots,  considerable  improvement  In  damping 
is  noted  by  the  addition  of  the  end  plates,  and  some  additional  Impravement  is 
gained  by  a  reduction  in  dihedral  effect.  As  noted  in  Figure  8.99  the  dihedral 
is  given  In  terms  of  wing  geometric  dihedral  angle. 

For  the  high-speed  case  of  178  knots,  addition  of  the  end  plates  results 
in  only  a  small  tiaprovement  in  damping  and  introduces  an  extremely  high  value 
of  <p/p.  Reducing  the  effective  dihedral,  however,  results  in  a  highly  damped 
configuration  with  a  better  value  of 
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For  both  Bpeeds  a  ifln^  dihedral  angle  of  -2  degreoe  yields  the  best 
danplag  choract eristics.  Preliminary  calculations  have  indicated  that  by 
extending  the  sprm  of  the  lover  surface  vlng-tlp  end  plates,  to  increase  the 
end  plate  area  by  yj  rerccnt,  a  reduction  in  dihedral  effect  equivalent  to  the 
required  win-,  .  ihedral  an.^le  of  -2  degrees  can  be  achieved. 

0>ialitative  analysis  in  the  form  of  pilot  opinion  indicated  the  abi.vo 
simulated  modifications  to  the  alrpiane  resulted  in  improved  handling  character 
Istlcs.  Flight  testing  the  airplane  will  further  serve  to  determine  the  degree 
of  airplane  configuration  modification  required  to  insure  acceptable  lateral- 
directional  flight  characteristics. 

^•5*2  Hovering  Flight 

The  following  sections  discuss  the  Ryan  Model  92  airplane  hovering 
flight  characteristics.  The  hovering  flight  regime  is  considered  generoUy 
to  apply  to  a  zero  speed  condition  but  may  also  apply  to  small  translational 
velocities  of  the  order  of  10  knots. 

4. 5 • 2.1  Hovering  Control .  The  estimated  forces  developed  by  the  pitch  and 
yaw  control  nozzle  are  presented  in  Figure  8.100..  The  normal  force  acts 
perpendicular  to  the  centerline  'of  the  exhaust  pipe  and  the  forward  component 
acts  along  the  exhaust  pipe  centerline.  A  small  additional  airplane  nose-up 
pitch  an^le  will  be  required  to  balance  out  the  forward  component ,  However, 
no  pitching  moment  is  created  since  this  ccooponent  acts  through  the  c.g.. 

propeller  pitch  provides  a  powerful  means  for  roll  control 
in  hovering  flight.  The  major  unknown  is  the  time  lag  of  blade  angle  change 
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due  to  the  hydraulic  aechonlsc  In  the  propeller  hub.  The  responae  charac¬ 
teristics  of  the  roll  control  ayeteni  can  be  determined  during  the  ground  teat 

program. 

The  following  table  iUBanaritea  the  eatlaated  angular  acceleration 
capability  of  the  airplane  with  full  control  diaplacementa  for  attitude 
control  about  the  three  body  axes. 


table  4.2 

ANGULAR  ACCBLEBATION  CAPABILITY  IN  HOVIRING  PLIGHT 

W  =  2350  Lbs. 


Axis 

Control 

Dlsplacsment 

Control 

Moment,  ft.  Iba 

Angular 

Acceleration 

Roll 

1  >  .  ■  ^ 

1  2° 

2060 

1.35 

Pitch 

i30° 

2210 

1.10 

Yaw 

i  jo° 

2210 

.81 

4. 5. 2. 2  Hovering  Trim.  The  center  of  gravity  of  the  airplane  was  located 
to  miiilmize  any  pitching  maaentB  due  to  the  resultant  lifting  force  of  the 
wing-propeller  cociblnatlon.  The  approximate  location  of  the  resultant  force 
was  determined  from  analysis  of  teat  data  of  Reference  7-  The  location  of 
the  resultant  force  vector  shows  no  tendency  to  shift  with  changes  in  propeller 
thrust,  but  there  is  a  shift  due  to  ground  effect.  Removal  of  the  ground  plane 
used  for  the  tests  of  Reference  7  resulted  in  a  forward  shift  of  the  resultant 
force  of  .075  o  .  A  shift  of  this  magnitude  in  the  case  of  the  Model  92, 
coupled  with  a  reduction  in  the  turning  angle  of  6  degrees,  requires  a  change 
in  trim  equivalent  to  10  percent  of  the  available  control  pitching  mcxnent. 
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5.2.3  Hovering  Stitblllty.  Although  the  amjor  effort  in  the  hcv«rins 
stability  analysis  was  conducted  on  the  analog  computer  sliculator,  the 
stability  character! St i CB  vere  also  obtained  frera  IBI  digital  coeputer 
solutions  of  the  eqiiatlons  of  motion  and  are  aumarlzed  in  Table  4.3. 


TABLE  4.5 

HOVERIH}  STABILirr  CHARACTERISTICS 


Longitudinal 

ROOTS 

P  SKS. 

Ti/2  Sfcg. 

(1)  CPS 

-  .1456 
-1.496 

.1929  ~  .8855J 

4.75 

.463 

-3.60 

6.95 

.144 

Lateral-Directional 

ROOTS 

P  SHCff. 

S,5!C3.  I  oi  CPS - 

-  .159 

.6529 

-1.214.  t  .4B8J 

4.56 

-1.06 

.570 

4.80 

.207 

The  longlt\idlnal  motion  is  characterised  hy  tvo  negative  real  roots, 
indicating  speed  Btahlllty;  and  a  pair  of  ccmplex  roots  corresponding  to  an 
unstable  oscillation.  These  results  are  in  agreement  with  stateiaents  made 
in  Reference  28  and  with  results  of  NAC A  -  free- flight  model  tests  reported  in 
References  29  and  30. 


The  latered-directional  motion  Is  characterized  by  a  stable  oscillation, 
a  convergence  and  a  divergence.  A  divergent  motion,  involving  translational 
side  velocity  and  rolling,  was  noted  In  the  tests  of  References  29  and  5D. 
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'ri'.v;  simulator  studies  Indicated  thr.t  the  lateral-directional  motions 
cr'uIJ  be  controlled  proviced  the  side  velocity  vac  maintained  at  low  values, 
fnen  the  side  velocity  exceeded  approxirately  20  ft/sec.  loss  of  roll  control 
vas  experienced  aj-^d  the  motion  diverged  . 

llie  pitch  oBcillation,  though  of  long  period,  was  difficult  to  control, 
particularly  when  trying  to  maintain  lateral  control  almultaneously.  Analysis 
of  the  time  histories  obtained  during  the  hovering  simulation  revealed  that 
in  6  degrees  of  freedoni,  the  motions  could  bo  controlled  for  apjproxlriately 
25  seconds.  Increases  In  the  pitch  damping  readily  stabilized  the  pitch 
oscillation  and  indicated  the  capability  of  a  stabilization  system  to  Improve 
the  hovering  longitudinal  handling  characteristics  of  the  airplane. 

.  5  •  5  Traaaltlon  Flight 

The  following  sections  discuss  the  longitudinal  and  directional  trim 
characteriatlcs  in  low  speed  flight.  The  transition  flight  regime  includes 
speeds  from,  sero  forward  fli,ght  to  n  flapa-up  level  flight  speed  of  approxi¬ 
mately  60  knots. 

^.5'5-l  Longitudinal  Trim  In  Low-Speed  Flight.  Figure  8.101  shows  the  forces 
required  to  trim  the  pitching  moments  to  zero  as  a  function  of  speed.  Tail 
lift  coefficient  required  for  zero  nozzle  thrust  and  values  of  nozzle  thrust 
required  for  various  tail  lift  coefficients  are  presented. 

In  applying  the  data  of  the  wind  tunnel  model  of  Reference  10,  flap 
deflection  was  decreased  with  increasing  speed  at  a  constant  angle  of  attack  of 
20  degrees  up  to  a  speed  of  52  knots .  At  this  speed  the  flap  deflection  was 
zero  and  the  angle  of  attack  was  then  progressively  reduced  to  zero  at  110  knots 
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Oonstar^t  t.ll  .Un  cocfflelonts  m  loy  aa  ,10  require  nceile  thruat 
forceu  that  are  vlthln  the  capability  of  the  pitch  nOKle.  As  ehova  In 
ri£iu-e  3.101,  the  tall,  lift  coefficient  required  Increoaes  rapidly  .1th 
decre^nag  speed  belo.  £0  knots  due  to  acall  values  of  free  stre...  dynamic 
pressure.  At  speeda  above  20  knot,  the  lift  coefficient  required  decreases 
with  Increasing  speed.  Also  ahovn  In  Figure  8.101  la  a  curve  of  tall  lift 
coefficient,  calculated  free  the  flapa-up  static  stability  analysla  of  the 

present  report,  which  shows  generally  good  agreement  with  the  HACA  aethed 
over  the  applicaOile  speed  range. 


£a.«ttonal  Trim-  In  Low-Stased  Flight.  Figure  8.102  shows  the  notzle 
thrust  required  to  trim  the  yawing  moment  due  to  differential  propeller  pitch 
while  using  full  rudder  control.  Since  the  method  used  for  calculating  the 


yawing  mowents  did  not  take  into  account  the  drag  force 


of  the  flaps  due  to 


propeller  thrust  change,  the  dashed  portion  of  the  curve  la  faired  through 
the  value  of  nozzle  thrust  at  zero  airspeed  which  corresponds  to  the  yawing 
moment  determined  by  the  method  of  Section  3. 1.2.2  of  this  report. 


It  la  planned  to  phase  out  the  differential  pitch  control  in  transition 
flight  by  a  mechanical  linkage  operated  by  the  flaps.  The  curve  of  Figure  8.102 
Indicates  that  the  differential  pitch  control  should  be  phased  out  while  the 
flaps  are  still  at  large  deflections,  corresponding  to  low  speeds.  In  order  to 
minimize  the  induced  yawing  maaenta.  The  optimum  transition  free,  hovering  roU 
control  to  nonaal  flight  roll  control,  however,  will  depend  upon  the  aileron 
effectlveneae  at  large  flap  deflections  at  low  speeds.. 
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5.0  COWCLUSIQBE 

Tlic  follovJng  conclusions  are  marte  based  on  the  data  end  analysis  in 
this  report: 

1.  The  Model  ^2  is  Italted  to  I85  knots,  true  airspeed,  at 
se’-  level  due  to  structural  criteria. 

2.  The  Model  92  la  capable  of  lifting  up  to  2940  pounds  gross 
veight  In  a  vertical  take-off  on  an  ICAO  standard  day. 

5.  The  bealc  airplane  configuration  Is  statically  and  dynam¬ 
ically  stable  \d.th  controls  fixed  In  conventional  flight. 

4.  The  lateral -directional  short-period  oscillation  damping 

characteristics  for  noraial  flight  can  be  Improved,  by  adding 
end  plates  to  the  horizontal  tail  and  reducing  the  dihedral 
effect  of  the  ving.  Reducing  the  dihedral  effect  by  two  degrees 
re<iulres  that  the  added  end  plate  area  be  equivalent  to  the 
existing  vertical  tall  area. 

5-  Flight  tests  of  the  airplane  will  .be  required  to  determine 
the  degree  of  modification  to  the  airplane  required  to  ob¬ 
tain  satisfactory  handling  characteristics  in  conventlon.al 
flight. 

6.  The  characteristic  motions  of  the  airplane  in  hovering  flight 
are  an  unstable  oscillation  in  the  longitudinal  mode  and  a  di¬ 
vergence  in  the  later&l-dlrectlonal  mode. 

7.  Stabilization  of  the  pitch  oscillation  by  artificial  means 
appears  necessary  in  order  for  the  pilot  to  control  the  air¬ 
plane  in  sustained  hovering  flight. 

8.  The  jet  exhaust  control  system  provides  adequ-'-te  control 
power  for  hovering  flight  and  enables  trlnmed  conditions 
to  be  maintained  in  low- speed  transition  fli^t. 
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7.0  MOMgliCUmJRE  A]TD  axes  syst^ 


AR 

BH? 


2  / 

Aspect  ratio,  ^  /g 

Brake  horsepover 
Drag  coefficient,  d/<iS 

Control  surface  hinge 


Hinge  Monent 

mooent  coefficl-ent, 

q  Sc 


^luiax 


'l/2 


D 

D 

S 


na 


nr 


G 

I. 


Lift  coefficient,  l/^ 

Maxlnum  trlisned  lift  coefficient 
Rolling  moment  coefficient,  L/q  Sb 
Pitching  mooient  coefficient,  IV^q  Sc 
Pitching  moment  coefficient,  Vi/^  Sc 
Yavlng  moment  coefficient,  R/qSb 

/  2  k 

Propeller  thrust  coefficient,  T/pn 
Number  of  cycles  to  damp  to  half  amplitude, 


Drag,  lbs. 

Propeller  diameter ,  ft  • 
nap  cbord/^^  chord 
Net  thrust,  pounds 

3 

Thrust  available,  Ihs. 

Thrust  required,  lbs. 

Control  stick  force,  lbs. 

Control  gearing  ratio,  per  ft. 

2 

Moment  of  inertia  about  x  axis,  slug  -  ft. 

CONFIDENTIAL 


tmimki 

RIPGRT  no.  9»0-2 


MRT 


M 

HRT 


S 

P 


R 


SIP 

STOL 

T 

^V2 

V 


V 


1 


of  Ir  jrttft  about  f  axis,  Slug  -  ft.^ 

Wcawnt'  of  Inertia  nbout  ■  axls^  Slug  -  ft.^ 

Pr^^uct  of  InerUa,  Blv-g  - 
Uft,  IbB. 

Rolling  BaBMut,  ft. -lb*. 

let  tbruat  available  f^on  the  paropeliera  when  the  engine 
Is  operated  at  a  Military  Rated  Power  Setting. 

Pitching  aoaent,  ft. •lbs. 

Net  thrust  available  ftrtai  the  propellers  when  the  engine 
is  operated  at  loraal  Sated  Power  Setting. 

Yaiflng  aoBent ,  f t .  -lbs . 

Static  stlek-free  neutral  point 
Period  of  oscillation,  see. 

Pedal  foreei  lbs. 

Propeller  shaft  torque,  ft.. lbs. 

Resultant  vlng  -  propeller  force,  Iba, 

^W-L),  rolUng  ft-lctlon,  lbs. 

Aerodynamic  surface  area,  sq.  ft. 

Uae«  distance  on  ground,  ft. 

Shaft  horsepower 

Sorlaontal  dlstanee  gained,  nautical  nllee 
Short  take-off  and 
Thrust,  lbs. 

Time  to  das^p  to  half  amplitude,  secs. 

True  airspeed,  f.P.S, 

Time  airspeed,  knots 
Initial  true  airspeed,  knots 
mnlmum  control  true  airspeed,  knots 

COUnDENTMl 


lU 


V 


1.1  Eilnlnuni  control  true  alrspetn. 
Horizontal  tall  volurae  coefficient, 


knots 


S  c 

V 


VTOL  Vertical  take -off  and  landing 

Vj  True  airspeed  at  sLltltude  h^,  knots 

True  airspeed  at  altitude  IXg,  knots 

W  Orosa  weight,  lbs. 

Fuel  used,  lbs. 

(W^)  Fuel  flow  rate  at  altitude  h^,  Ibs/mln. 

(W_)  Fuel  flow  rate  at  altitude  Iba/mln. 

X  Weighting  factor  dependent  upon  the  ratio  of  the  rates  of  cllnib 

at  altitude  and  hg  (Section  8.0) 

Y  Sldeforce,  lb a. 

Z  Wel^tlng  factor  dependent  upon  the  ratio  of  the  rates  of  cllnb 

at  altitvules  and  hg  (Section  8.0) 

a  F«D-R  /2 

n  a  ,  airplane  acceleration,  ft/sec. 

^/g 

b  Wing  span,  ft. 

c  Chord,  ft- 

Mean  aerodynamic  chord,  ft. 
c.g.  Center  of  grarlty 

g  Orarltatlooal  constant,  52.19  ft/sec. 

hj^  Initial  altitude,  ft. 

hg  Final  altitude,  ft. 
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_  KSPQRT  i;c. 

Tricidencc  angle,  dega. 

ChruBt  axlr>  onrle  of  inclination,  degs. 

Dlataiice  racasureti  fron  nirplanc  c.g.,  ft. 

Len:Tth  of  control  stick,  ft. 

Mass  of  airplane,  (v/g),  slugs 
Propeller  rotational  speed,  rev/aec. 

Airplane  normal  load,  factor 
Rolling  velocity  about  the  x  axis,  rad/aec. 

Pitching  velocity  about  the  y  axle,  rad/sec. 

Free  stream  dynamic  pressure,  l/2j<0V^,  Ibs/ft.^ 

Propeller  allpetream  dynamic  pressure,  q  +  T/j[  D^,  Ibs/ft.^ 

Yaving  velocity  about  the  z  axis,  rad/aec. 

Coefficient  of  rolling  friction 
Rate  of  cllrnb,  ft/min. 

Time 

Velocity  component  along  x  axis,  ft/sec. 

Sideslip  velocity  along  y  axis,  ft/sec. 

Velocity  cocflponent  along  z  axis,  ft/aec. 

Distance  from  wing  leading  edge  jneaaured  parallel  to  thrust  axis,  ft. 
Distance  from  plane  of  sywnetry  to  propeller  thrust  axts,  ft. 

Vertical  distance  from  center  of  pressure  of  vertical  tall  to  x  axJ.5, 
/'Uigle  of  attack,  d.ega. 

Angle  of  sideslip,  d^a. 

Differential  propeller  blade  pitch  angle,  per  propeller,  dega. 
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!  r  C^lid)  angle,  degi. 

I 

I 

I  Cllrab  angle  at  altitude  h^,  dogs, 

/g  Cliab  angle  at  altitude  hg,  dega. 

6  Control  surface,  no**]e,  or  wing  flap  deflection,  deg.  (uhere  vlng 

flap  deflection!  are  given,  the  first  nioibei'  refers  to  the  forward  flap), 

€  Dovnwaah  angle,  deg. 

0  Pitch  angle,  radians 

2  V 

I  ^  Naas  density  of  air,  lb^;7sec  /ft, 

y'  Control  surface  effectiveness  parameter,  do/dS 
9  Roll  angle,  radians 

q(/v  Roll  to  sideslip  parameter,  x  — 

C  V 

ijr  Yav  angle,  radians 

CO  Frequency  of  oscillation,  cycles  per  sec. 

0  control  stick 

t  horizontal  tall 

V  vertical  tall 

w  wing 

yn  yaw  noztle 


\ 


Dynamic  pressure  efficiency  at  the  tall 
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Figure  7 .i 
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RTAI  HODSL  93 
7VEL  FLOW  V1R8UB  AlR  SPIED 

(DKniEas  ^  mcnT  toleraikte) 

mm:  OEf  TT-55-L-1 
MILITART  RATED  TVUST 
ICAC  2?.*JIDARD  Aaiu6mRE 


TRUE  AIRSPEED,  KVOTS 
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Figure  8.12 


RYAN  NODKL  98 
FTJEL  FLOW  VKSUS  AIRBPKED 

(HCLUDES  5  PEHUBrr  TOLERAKOB) 

nroilE:  ORE  YT-53-L-1 
RORKAL  RATSD  TSRUST 
ICAO  STARDAHD  /-vaiOSPHlRE 


SRA  IJEVn. 


IHUE  AIRSPIE),  WOTS 
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FISL  FLOW  vraSUS  AZRSPIED 

(iiKnjJDK  ?  piKcnrr  touburcs) 

TOnS:  ONI 

90  PnC0T  NORMAL  RATED  URDST 
ICAO  BIAMDARD  ASMOfiPEERS 
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RYAN  MODEL  92 

FUEL  FLOW  VERSUS  AIRSPEED 
(INCLUDES  5  PTOCENT  TOLERANCE) 

KNOIKB:  ONE  YT-55-L-1 

50  PERcnrr  hc«mal  rated  thrust 

ICAO  STANDARD  A3M06PEERB 


^rigur«  0.15 


SEA  LEVEL 


15,000  lEBT 


^5,000  mr 


TRUE  AIRSPEED,  KNOTS 
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RIAH  NODSL  92 
MAXIMUM  SPUD  AMD 

CLIMB  SdEDULK  VERSUE  ISUK  AIRSPEID 

tmm:  OHI  YT-55-L-1 
ICAO  STARDARD  A1MO6PI0X 


185  Knot  a  Constant  Calibrated  Airspeed 

_ LIMIT  OF  SRQZIE  DATA 

AIRFLAHE  LIMIT  SFEXD 


Figure  8.16 
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RYAI  »«DDIL  92 

LOOT  8FBD6  AT 
TARIOUB  FLAP  DKFUCTIOIIS 

BDHIE;  OW  TP-53-L-1 

lOAO  STAXDARD  ATMOSPHERE 

SEA  LEVEL 


TRUE  AIRSPEED,  KHOTS 
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RYAB  HODSL  ^ 

POWER -01  STALL  SPEEDS 
10  FLAP  DETLCCTIOM 

JmiMEi  oil  yT-53-L-l 
HTLITART  RATED  THRUST 
ICAO  STANDARD  A3N0SFRCRZ 


-  2000  UES 


ft 

i 


TRUE  AIBSPBD,  KIOTS 
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figure  8.19 


RYAK  >5C3PEL  92 

POWSR-OI  STALL  SP15EDB 
HO  FLAP  DIFUCTIOK  ' 

BKSDE;  (MB  rP-?5-L-l 
fOniAL  RAlg)  TmtBT 
ICAO  STAIDARD  A3N08PnKE 


miB  AIRSPOD,  DOTS 
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Figure  8.21 


RYAR  MDDEL  92 

POWES-OI  STALL  SFlSD 
no  FLAT  DETLSCnOK 

Eannai  oni 

75  PEKCKHT  HCilMAL  RA3ID  THRUST 
ICAO  STAJIDARD  A33«OSPBBaE 


TRujs  mors 
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figure  8.22 


HY/\N  MODSL  92 

POWER-ON  STALL  Cl^SEDS 
KO  FLAP  DEFLKTION 


EKOriiT:  Oia  YT-55-L-1 
50  PERCENT  NORMAL  RATED  THRUST 
ICAO  STAIDARD  AIMOSPHOT 


TRUE  AIRSPEED;  KlfOTS 
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Figure  8.25 


ryj\n  model  92 

P0\^ER-OfF  STWJL  SrHHJC 
T70  FL.AP  DEFLECnOTl 

EHCfll®:  OHB  rP-5>l>l 

ICAO  STAITOARD  AUIOBPHHIX 
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soDBi  on 

NZLITAXY  RABED  TimJGT 
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Xy>J  NQDBL  92 
lUTS  or  CUDS 

KIR:  OR  TT-^3-1^: 
NIUTART  RASE)  TmOF. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWDIGS,  SPECIFICATI 
AReUSED  for  any  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  , 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U,  S.  GOVERNMEN 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  TH 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  V 
SAED  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  H 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  I 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  i'ERMl 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  J. 
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